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INTRODUCTION 
Oat {Avena sativa L.) yields in lova historically have been limited 
by crown rust, a disease caused by Puciimia coronata Cda. var. avenae 
Fraser and Led.> and a marginal adaptation to the continental climate of 
the area. Oats here are planted in early April and harvested in mid-July, 
and the high temperatures of mid-summer often are detrimental to grain 
yield and quality of this cool season crop. The most successful "breeding 
strategy against both problems in the past has been selection for early 
maturity. Early oats often mature a crop before crovn rust develops to 
epidemic proportions and prior to the occurrence of damaging hot veather. 
A major facet of past oat breeding efforts in Iowa has been the 
development of varieties with race-specific resistance to crown rust. 
Typically, such varieties were grown for only a few years before changes 
in the race structure of the pathogen negated the disease resistance. 
Because of the persistent demand for varieties with resistance to new 
rust races, the primary emphasis of most oat breeding programs was 
directed toward that end, and little progress was made in breeding for 
yield potential and other traits. The recent success with multiline 
varieties for control of crown rust has provided a solution to the problem 
of crown rust of oats. 
Poor adaptation to high temperatures, therefore, is left as the pri­
mary deficiency necessitating the use of early maturing varieties and 
early planting. Wet spring weather often causes delayed planting, and 
cool weather during the growing season can slow the crop's growth, either 
of which pushes the grain filling portion of the growing season into the 
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hottest part of the year (i.e., late July), Even early varieties 
planted near the normal planting date, are conmonly subjected to suffi­
cient hot weather during grain filling to have a detrimental effect on 
yield. Late-maturing oats consistently yield poorly, and the higher 
temperatures encountered are assumed to be the primary reason. 
The objective of the vork reported herein was to investigate the 
potential for breeding for improved tolerance to hot weather and late 
planting in oats. In the short run, such breeding would serve to broaden 
the adaptation of oats to unavoidable delays in planting and periods of 
unseasonably hot weather common in Iowa. In the long run, it may become 
desirable to develop later maturing varieties to utilize a longer portion 
of the frost-free growing season. Theoretically, one should be able to 
obtain higher yields by utilizing a longer growing season for oat growth. 
3 
LITERATURE REVIEW 
Adaptation and Response to High Temperatiires and Late Planting 
Klages (19^2) reported that the southern limit of oat production in 
Russia corresponded with the May isotherm of 15°C and the July isotherm 
of 21°C. Iowa has a similar continental climate, and here spring-sown 
oats are grown as far south as the respective I6 and 2k°C isotherms. 
High temperatures late in the growing season are commonly recognized 
as having negative effects on oat yields. Smith (l920) cited several 
examples of negative correlations "between temperature and yield "while 
heads were forming and the grain "being developed." More specifically, days 
with a mean temperature a"bove 75°F (24°C) and a maximum above 86°F (30°C) 
"between the "beginning of panicle emergence and the milk stage were injur­
ious, particularly when several occur in succession. Zacks (19^5) recog­
nized strong negative correlations "between temperatures in July and yield 
for some areas of southern Ontario (where harvest occurs in early August). 
He considered climate to "be a dominant factor in limiting oat yields. 
Grafius (1956), for oats and "barley, concluded that night tempera­
ture or some factor closely related to it affected yield to such an extent 
that mean night temperature for the period two weeks "before to three weeks 
after the mean heading date could "be used to predict the relative yield 
of lines whose general response to night temperature vas knovn. Most of 
his oat lines responded negatively to increases in night temperature, "but 
some responded positively. 
In evaluating crops for adaptation in the Ord River Valley of 
Australia, Beech and Norman (1966) found that oat yields declined rapidly 
with late planting. Optimum yields were obtained when anthesis occurred 
during the early part of August (July and August would he the coolest 
months). Mean temperature at that time of year was 73-T8°F (23-26°C). 
Wiggans (1956), in Iowa, showed average declines exceeding one bushel 
of yield for each day of delay in planting after mid-April. Total heat-
unit requirements also declined slightly while the growth duration was 
reduced drastically. Seed quality also declined with late planting. Some 
yield and quality deterioration in his study must be attributed to disease 
and other factors in addition to temperature. 
High temperature injury is reported often in other crops under field 
conditions, but oats seem to be the most sensitive. Among cool season 
cereals, Mandy (1965) and Nuttonson (1957) have noted that oats are more 
sensitive to adverse temperatures than barley, and Beech and Norman (1966) 
found oats more sensitive than wheat. 
Chinoy (19^T) screened 206 wheat varieties for adaptation in India 
and found a very marked decline in seed weight and yield with later 
maturity. For barley, Damisch and Wiberg (1977) reported that high tem­
peratures during grain filling accelerated senescence and reduced grain 
yield. Strong negative correlations between yield and temperatures during 
the growing season also have been reported for maize (Runge and Odell, 
1958, and Filev and Logachev, 1976), a warm-season crop. 
Peters et al. (l97l) modified night temperatures of field-grown 
maize and wheat from anthesis to maturity. Maize grown with night temper­
atures averaging 29.yielded hO% less than adjacent plots grown with 
a mean night temperature of l6.6°C during the treatment period. A 50% 
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reduction in yield was obtained for wheat with a night temperature of 
26.5°C when compared to 15.3°C. 
Effects of High Temperatures and Late Planting 
The specific effect of heat stress in oats and other crops is depen­
dent on a large number of variables including the specific temperature 
and its duration, the relative humidity, light intensity, soil water 
status, wind speed, shading by other plants, prior growing conditions, 
stage of development of the plant, plant genotype, and growing conditions 
following the heat stress. (See reviews of Christiansen, 1978, and Gates, 
1965). Several types of effects are commonly reported, but the most uni­
versal one in an abnormally warm season is a reduction in the duration of 
growth, rapid maturity, and reduced total growth. Stoskopf et al. (1966) 
reported a rapid decline in days to maturity, grain yield, and total plant 
weight with progressively delayed planting of oats. Since there was no 
trend in harvest index, the reduction in grain yield was a function of the 
reduced overall growth during the shortened period of development. Van 
Dobhen (1962) made the generalization that, in cool season crops, high 
temperatures reduced the length of the growing period to a greater degree 
than they compensated by increasing growth rate, with the result being 
smaller plants. Hamilton (19^8) found that, for oats grown at a constant 
28°C, development was very rapid, but all plant parts were reduced in 
size; the panicle in particular was poorly developed. Wiggans (1956) 
attributed the loss of yield with late planting to faster development 
resulting in less total photosynthesis and premature ripening. Using 
controlled conditions. Friend et al. (1962 and 1963) found a decrease in 
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both growth diiration and final plant dry weight of wheat as temperature 
in the growth period increased. The results of Smith (l97^)» with oats, 
were similar except that 32°C day/26°C night caused slower development 
than did lower temperatures, and the plants were very small. This 
temperature regime was apparently outside the range of the normal response 
of development to temperature, Paris and Guitard (1969) compared "barley 
at constant 13°C and 2k°C regimes and observed reductions in growth 
period and grain yield of kO% and 85^, respectively, at the higher temper­
ature. 
Beech and Norman (1966) reported more rapid development and smaller 
panicles when oat planting was delayed. Grain weight did not change in 
one variety but was sharply reduced in a later maturing one with late 
planting. The specific stage of development when heat stress affects the 
plant seems to govern whether seed size or seed number is most affected. 
Friend (1965a) found that fewer spikelets were initiated in wheat at 
higher temperatures due to earlier termination of the spikelet initiation 
process. Taylor (19^7) found that high temperatures during tillering and 
shoot apex elongation resulted in reduced seed weight, whereas when 
treated during ajithesis, floret sterility occurred, depressing seed num­
bers markedly. The latter effect had a greater influence on final grain 
yield, Martin and Leonard (196T) attributed blast (excessive floret 
sterility apparent at heading) in oats to hot, dry weather just prior to 
heading. They also noted that the same conditions during heading and 
grain filling resulted in premature ripening and poorly filled grains. 
Two periods were recognized by Simons and Murphy (1961) as being critical 
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for floret fertility relative to environment: six weeks after seeding and 
dxiring pollination. 
Similar effects are found in rice. Sato, Inaba, and Tozawa (1973) 
exposed rice plants to seven-day treatments of 35/30°C (day/night) in 
each of the six weeks beginning three weeks before and running to three 
weeks after anthesis. There was a 4-5 fold increase in the number of 
sterile florets on plants treated the week prior to or the week of anthe­
sis. Seed weight was reduced on all treatments except for the week of 
anthesis in which there was same compensation for the reduction in seed 
numbers. Satake and Yoshida (1978) attributed the high rate of floret 
sterility in rice at high temperatures to poor pollen development and 
reduced pollen shed. They noted two peaks of sensitivity to high temper­
ature, one prior to and a more sensitive one during anthesis, 
Owen (1971) found that "Marquis" wheat had a fair seed set under 
temperatures of 32/21°C but set no seed at 35/l8°C. His treatments were 
applied beginning at ear emergence. His results conflict with those of 
Grafius (1956), who had concluded that high day temperatures were less 
detrimental than high night temperatures. 
Premature senescence is often the basis for reduced seed weight when 
high temperatures occur during grain filling. Working with wheat, Sofield 
et al. (1974) reported a reduction in the duration of grain filling fïom 
60 to 20 days with a change of temperature regime from 15/10°C to one of 
30/25°C, Spiertz (197^) found a similar reduction from 52 days to 26 for 
a 10°C increase, also in wheat. Green leaf area remaining after three 
weeks was only one-third as large in the high as in the low temperature 
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regime. Reductions in weight per kernel vere noted at temperatures above 
18/13°C in wheat "by Chowdhury and Wardlav (1978). Between 21/l6°C and 
30/25°C the duration of grain filling was reduced by 38%, and there was 
a concurrent increase of only 5% in the maximum rate of grain filling. 
They found rice to compensate vith increases in the rate of grain filling 
and maintain a stable weight per kernel throughout the range from 2l/l6 
to 30/25°C. Other reports of reduced weight per grain associated with 
early senescence in response to high temperatures are those of Ford et 
al. (1976) and Peters et al. (l9Tl) in wheat, Damisch and Wiberg (l977) in 
barley, Sato and Inaba (1973) in rice, and Wiggans (1956) in oats. Martin 
and Leonard (I967) make the generalization that hot dry weather during 
heading and ripening of oats causes premature ripening and poorly filled 
grains. 
Physiological Interpretations of Heat Injury 
The temperatures recorded in and near the field often are not repre­
sentative of those to which the plant metabolism is exposed. Leaf temper­
atures under strong irradiation may reach 10-15°C above the ambient air 
temperature (Evans, 1963, and Leopold, 196^), and bulkier tissues can 
reach even higher temperatures. 
High temperature effects and water stress often are difficult to 
separate. They frequently occur concurrently in the field, and one factor 
enhances the effects of the other. Transpiration increases linearly 
with temperature in oats and above 20°C is probably limited only by the 
capacity of the roots to absorb water (Van der Paauw, 19^9). A limited 
availability of water in the soil thus impairs the plant's capacity to 
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hold down tissue temperatures through evaporative cooling (Sandhu and 
Sorton, 1978), and conversely, high temperatures hasten the onset of water 
stress in the plant. The transpirational demand of oats is highest from 
the "beginning of panicle emergence until the end of grain filling 
(Matsuhayashi et al,, 1955) - the period when high temperatures are most 
likely to occur and cause damage in Iowa. 
The capacity of the roots to absorb water is, in part, a function of 
the extent of the root system. Not only is a plant grown under high 
temperatures smaller overall, but the shoot/root ratio is much higher 
(Fulton, 1968, Nielson et al., 1960, and Van Dobben, 1962). The root 
system tends to decline in weight after anthesis (Ballard and Petrie, 1936, 
and Nielson et al., 1960) leaving little water absorbing capacity late in 
the season, particularly if the room system is small initially. Root 
function itself can also be impaired by high soil temperatures (Fulton, 
1968). Nielson et al. (1960) found root temperatures above 67°F (l9°C) 
to be detrimental to grain yield in oats. 
Friend (1965b, I966), using wheat, reported reduced tillering, 
smaller and thinner leaves, and increased apical dominance in plants 
exposed to high temperatures. This resulted in reduced leaf area per 
plant, and thereby, reduced photosynthetic capacity. Above 25°C, the ratio 
of leaf area to total plant weight also declined with higher temperatures ; 
thus, the ratio of photosynthesizing to respiring tissues was reduced. 
High respiratory losses are often cited as a prime reason for poor 
productivity at high temperatures (Friend et al., 1962, Friend, I966, and 
Ishii et al., 1977). In fact, Murata and lyama (1963) found an exponential 
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increase in respiration rate from 9-40°C for several cool season crops. 
The maintenance component of respiration was shown by McCree (l9T^) to "be 
highly temperatiare dependent, whereas the growth component was not. 
Chowdhury and Wardlaw (1978) concluded that only a part of the reduction 
in weight per kernel in wheat could he accounted for by the increase in 
respiratory losses at high temperatures. The reduction in duration of 
grain filling must be considered another major factor. 
Photosynthesis is much less sensitive to high temperatures. Photo-
synthetic capacity in wheat was not greatly impaired by treatment at 
36/31°C (Hesketh, 1968), and Sullivan et al. (1977) have shown that the 
photosynthetic system in sorghum was stable at temperatures up to U3°C 
and even higher ones in maize. 
McWilliam and Ferrar (197^) attributed the higher heat tolerance of 
saltbush {Atriplex nurnimlarla) ^ as contrasted to wheat, to its ability to 
synthesize proteins at higher temperatures at a rate adequate to replace 
those denatured by the heat. 
Temperature-sensitive mutants in some organisms are known to lack 
only the capacity to synthesize one vital substance at above optimal 
temperatures (Langridge, I963). In peas, Ketellapper and Bonner (I961) 
have shown an increase in growth at high temperatures when the plants are 
supplied with sucrose. Vitamin B, or ribosides. 
The rate of grain filling is directly related to temperature during 
early grain filling; but that rate drops below normal rapidly when prema­
ture senescence of the ear occurs due to hi^ temperatures (Ford et al., 
1976, Sato and Inaba, 1976, Sofield et al., 197^» and Spiertz, 197^). In 
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rice (Sato, Inaba, and Tozava, 1973) and in wheat, when only the heads 
were treated with high temperatures (Ford et al,, 1976), high residual 
levels of carbohydrates and nitrogen compounds remained in the straw after 
the grain had matured prematurely. Spiertz (l97^)» on the other hand, 
reported a rapid decrease in water soluble carbohydrates in the stem of 
wheat exposed to high temperatures during grain filling. Uitrogen levels 
are typically higher in grains poorly filled due to high temperatures 
(Ford et al., 1976, and Chowdhury and Wardlaw, 1978). Asana (1963) 
reported that foliar fertilization with a 1% urea spray extended the grain 
filling period of wheat and increased grain yield. The role of mineral 
nutrition in senescence of oats was demonstrated by Joffe and Small (1963), 
who showed that oat plants would produce new tillers and seed indefinitely 
when supplied with abundant nitrogen and other minerals in hydroponic 
culture. 
In summary, there are several interrelated effects of high ten^er-
atures that may combine to reduce grain yield in oats: 
1. The length of the growing period is reduced markedly, with both 
the vegetative and reproductive phases being sensitive. There is 
thus less time in which the plant can accumulate and utilize 
assimilates. 
2. Leaf area can be reduced as a result of high temperatures in the 
vegetative phase, limiting potential photosynthesis. 
3. The loss of assimilates through respiration occurs at an abnor­
mally high rate, further reducing the photosynthate available for 
growth and seed production. 
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4. Seed numbers can be reduced through a reduction in the duration 
of spikelet initiation, failure of development of florets, 
failure of pollination, or abortion of florets after pollination. 
5. A smaller proportion of the available assimilates are allocated 
to root growth, thus the plant may be more susceptible to mineral 
deficiencies and moisture stress, 
6. Moisture stress may be compounded because of increased transpira­
tions! demand. 
7. Some functions vital to grain.filling may become inoperative 
prematurely or mechanisms which control maturation and senescence 
may be triggered before grain filling is completed. 
Genetic Differences in Heat Tolerance 
Red oats (formerly known as A. byzantina Koch but now included in a. 
satlva) were long considered to have greater heat tolerance than the 
common oat (Klages, 1942, Poehlman, 1959). Coffman (1939, 1957) failed 
to detect a consistent advantage for red oats although there were wide 
differences among varieties for tolerance to a 45-minute treatment at 
48.5-52°C. Winter oats were consistently more tolerant than common oats. 
Kinbacher (1962) also found an advantage for winter oats when treated for 
eight hours at 110°F (k3°C). The relationship of response to such treat­
ments to a genotype's response to heat stress in the field is unknown. 
Using longer exposures to less extreme temperatures under controlled 
conditions, Peterson and Schrader (197^) and Taylor (1967) found differ­
ential responses among varieties to differences in temperature. Each of 
Taylor's four varieties had a unique set of responses to differing 
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temperatures over five growth stages. Asana and Williams (1965) did not 
find differential responses among five wheat varieties when a series of 
temperature treatments was "begun twelve days after the beginning of anthe-
sis. Wheats exposed to a constant 2h°C responded differentially relative 
to their performance at 15 and 21°C (Kolderup, 1979). 
Using a series of planting dates in the field, Frey (1959) found 
differences in relative yield reduction and in the effect on yield compo­
nents among three varieties of oats; and two varieties of oats, studied 
by Stoskopf et al. (1966), responded differently to a series of planting 
dates. Beech and Norman (1966) reported that their two varieties could he 
said to differ in response if planting dates were used as the basis of 
comparison; but, when compared on the basis of date of anthesis, they 
appeared to have a very similar yield response to rapidly rising spring 
temperatures. However, there was a difference in the response of yield 
components. 
Other crops also exhibit genetic variability for tolerance to high 
temperatures. 'Hunter et al. (1936) found differences in the response of 
maize inbreds to a 6.5 hour treatment at lUo°F (6o°C). McWilliam and 
Griffing (1965) showed that maize hybrids typically were tolerant of a 
wider range of temperatures than were their parent inbreds. In the tomato 
Schaible (1962) found genotypes which were capable of setting fruit at 
temperatures well above those where normal varieties become barren. 
Villareal et al. (1978) screened ^050 tomato accessions for fruit set at 
high temperatures and found only 38 promising lines. 
MATERIALS AÎTD METHODS 
Genotypes 
In 1978 two populations of oat lines were evaluated for response to 
late planting in two parallel experiments, hereafter referred to as 
Populations 1 and 2 in Experiments 1 and 2, respectively. In Experiment 1 
580 F^-derived lines were taken, without selection, from a population of 
1200 such lines maintained "by the Small Grain Project at Iowa State 
University. The population was originated in 1958 by bulking 10-g lots of 
Fg seed from approximately 75 crosses among adapted lines. The bulk had 
been subjected to mass selection for crown rust resistance, reduced plant 
height, and early to midseason maturity during the inbreeding process. 
Experiment 2 contained 320 lines from a program of introgression of Avena 
sterills L. germplasm into A. sativa (Lawrence and Frey, 1975). Four a. 
sterilis lines, each from a different Plant Introduction, were crossed and 
backcrossed with C.I. 80kk, an early-maturity adapted line. Twenty random 
lines derived from each of the F^, BC^F^, BC^F^, and BC^Fg of each of the 
four crosses were utilized. The recurrent parent, C.I. 80^4, and each of 
the a. sterilis parent lines were included twice as checks. 
A diverse group of oat varieties was also included as checks in the 
two experiments.- The 20 varieties listed in Table 1 were included in 
Experiment 1 to bring the size of that experiment to 600 entries. Ten 
varieties from that list, "Astro," "Mesa," "Pennwin," "TAM 0-301," "Ai;65," 
"C.I. T555," "Lang," "Jaycee," "Nodaway 70," and "Pettis," were included 
with the parents as checks in IScperiment 2, 
Because of shattering and lack of adaptation, data for the Avena 
15 
Table 1. Oat varieties included as checks in Experiment 1. 
Name C.I. ETo. Origin 
Astro 9l6o Nev York 
Kota 8178 South Dakota 
Lane 8435 Oregon 
Mesa 8277 Arizona 
Montezuma 8419 California 
Pennvin 8312 Pennsylvania 
Sierra 7706 California 
TAM 0-301 9198 Texas 
Walken 8205 Kentucky 
Ai+65 — Australia 
Victorgrain 3692 South Carolina 
Craigs-afterlea 7026 Scotland 
C237-89IV 8o44 Iowa 
C6k9 7555 Iowa 
Lang 9257 Illinois 
Jaycee 7971 Illinois 
Uodaway 70 81+1+2 Missouri 
Pettis 7805 Missouri 
Goodland 9202 Wisconsin 
Bond 7001+ Australia 
l6 
sterllis lines vere deleted from the analysis. Some 1^ of the intro-
gressioii lines In Experiment 2 were also deleted "because data were missing 
from more than one replicate. Most of these lines failed to head uni­
formly or at all in the later planting date treatments, suggesting the 
presence of a vernalization or photoperiod requirement that was not met. 
A similar response was obtained with several of the check varieties that 
were unadapted and generally winter types - Astro, Pennvin, TAM 0-301, 
Lane, and Walken. These checks were also excluded from the analysis. 
The lines were considered to be random. Population 1 was considered 
representative of adapted oat germplasn. Population 2 was considered 
representative of A. sterills x C.I. 8044 introgression lines, and the 
checks were considered to be representative of commercial varieties. 
Planting Date Treatments 
Four dates of planting were used as treatments. The first date of 
planting treatment was seeded as early in the spring as the field could 
be worked (April 13) and represented the control or normal planting time. 
The other three planting dates were April 26, May 11, and May 25, so 
successive planting dates were separated by about two weeks. 
The planting dates were assumed to represent a stratified random set 
of planting dates. Some would argue that because the interval between 
planting dates was fixed without regard to a randomization scheme, the 
treatments should be regarded as fixed. The fact remains, however, that 
the weather conditions do vary randomly about the general climatic trend, 
so the actual treatment received by the plant has little relationship to 
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the fixed calendar date upon which it began. 
Experimental Design and Plot Technique 
Experiment 1 vas planted in a split-split-plot arrangement. The 600 
genotypes were randomly grouped in four sets of 150 lines each. Sets 
were assigned to whole plots, planting date treatments to sub-plots, and 
genotypes within sets to sub-sub-plots. In Experiment 2, the plots were 
arranged in a split-plot design, -yzith planting dates assigned to whole 
plots and genotypes to sub-plots. Randomized complete block arrangements 
were used as the basis for randomizations. Two replicates were planted 
at each of two locations. Location 1 was the Agronomy and Agricultural 
Engineering Field Research Center, 13 km west of Ames, Those plots were 
sown in an area of fertile Clarion-Webster soil fertilized with 27, 44, 
and kk kg/ha of W, PgO^, and K^O, respectively. Location 2 was the Hinds 
Irrigation Farm, U km north of Ames, where the plots were sown in a 
Landis loam soil fertilized with hh, 66, and 66 kg/ha of H, PgO^, and K^O, 
respectively. 
Each sub-sub-plot (sub-plot in Experiment 2) was a microplot, 30 
seeds sown in a hill, with plots spaced 30 cm apart in perpendicular 
directions. A sub-plot in Experiment 1 contained 150 microplots and was 
3 X 4.5 m in size. A whole plot in Experiment 2 contained 3^0 microplots 
and was 5.1 x 6 m in size. Each such plot was surrounded by two rows of 
border microplots sown on the same date. Crown rust and other foliar 
diseases were controlled by spray applications of a fungicide (Maneb) as 
needed. Weeds were controlled by hand cultivation. 
Heading date for a plot was recorded as the date on which the collars 
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of 50^ of the panicles were visible above the flag leaf sheaths. When 
mature, the plants in a plot were cut at the soil surface, air dried, 
weighed, and thresyed. Grain yields and 100-seed weights were then 
determined. 
Table 2 shows the traits used in the general analysis and the abbre­
viations by which they will be designated hereinafter. Note that GD and 
GR denote vegetative growth duration and rate. Because heading date and 
SWT were measured on only one replicate per location, SWT and the traits 
calculated from heading date and SWT (SE, GD, and GR) were analyzed on the 
basis of one replicate per location, whereas the other traits were 
analyzed on the "basis of two. The mean GYD and S YD of the two replicates 
at a location were used in the calculation of SN and GR, respectively. 
The emergence date used in the calculation of GD was a constant 
value for all plots in a planting date treatment because there was little 
or no variation among lines in the actual date of emergence. It is more 
common to calculate GD from the date of planting. That would have 
changed the means reported herein but would have no effect upon the 
results and interpretation. 
Statistical Procedure 
The models used in the analyses of the two experiments differed 
because of the grouping of genotypes into sets and treating the sets as 
whole plot treatments in the experimental design of Experiment 1. There 
•also was a difference between the models for traits measured in two 
replicates and those measured in one replicate. For traits measured on 
two replicates (BWT, G'ÏD, HI, and S YD) in Experiment 1, the model was: 
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Table 2. The traits and their abbreviations. 
Trait Abbreviation Calculation 
Grain yield 
Bundle veight 
Harvest index 
Straw yield 
100-seed weight 
Seed number 
Growth duration 
Growth rate 
GYD 
BWr 
HI 
SYD 
SWT 
SN 
GD 
GR 
Measured directly 
Measured directly 
GYD/BWT 
BWT - GYD 
Measured directly 
GYD/SWT X 100 
Interval from emergence 
to heading 
SYD/GD 
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+ "ij \ ^ijk *"1* '•^"hi * '^°'jt2 
^ijklm * 
where 
V = the value of the jnrth genotype of the Jcth set in the Ith 
^ijklm 
treatment and in the jth replicate of the ith location, 
y = the overall mean, 
À = the effect of the ith location, 
i 
P_£j = the effect of the jth replicate in the ith location, 
= the effect of the ^ th set of lines, 
(AY)i^ = the interaction of the ith location and the kth set, 
T . . = the effect of random variation of a particular ijkth J-JJC 
observation (whole plot), 
cij, = the effect of the ith planting date treatment, 
= the interaction of the ith location and the 1th treat­
ment, 
= the interaction of the kth set and the Ith treatment, 
(Xya)^^^ = the interaction of the ith location, the kth set, and 
the ith treatment, 
~ effect of random variation of a particular ijklth 
ohs ervation (sub-plot), 
= the effect of the mth genotype in the kth set, 
(X6)i^ = the interaction of the ith location and the mth genotype 
in the A:th set, 
21a 
( a g )  klm = the interaction of the 2th treatment with the azth 
genotype in the kth set. 
(Aag) - = the interaction of the ith location, the 1th treatment. 
i = ljc..,f (where f = 2, the number of locations), 
J = l, o..,r (where r = 2, the number of replicates per location), 
k = l,...,s (where s = 4, the number of sets), 
1 = l,...,t (where t = 4, the number of treatments), 
m = l,...,g (where g = 1^5 or 150, the number of genotypes per set). 
The model for traits measured on only one replicate per location (SWT, 
SN, GD, and GR) was: 
The degrees of freedom and expected mean squares for these two models 
are presented in Tables 3 and k. The sources of variation were tested 
for significance by F-tests as indicated in Tables 5 and 6. In each test, 
any mean square in the denominator which had been shown non-significant 
was replaced by a pooled mean square derived from that mean square and its 
appropriate error term; but, if that error term also appeared in the 
numerator, both terms were deleted from the equation. (The decision to 
pool was based on tests of significance at the 0.05 probability level, 
which may change the overall error rates - Bancroft, 1968). Where the 
iklm 
and the mth genotype in the Jrth set. 
^ijklm ~ effect of random variation of a particular ijklmth 
observation (sub-sub-plot), 
^iklm 
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F-test vas not direct, the degrees of freedom for the tests vere calculated 
as in the example below: 
numerator ~ ^ABC ^^'^'abc^ 
and 
^"^'denominator ~ ^5C 
which would be appropriate for a test where 
F = (MSc + MSaBc)/(MSac + MSac). 
No tests of significance were made on the replicates or locations. 
The check varieties were included in Set U of Experiment 1; so 
within that set, comparisons between and within the check and experi­
mental lines were made. In the analyses of variance, the sums of 
sauares for genotypes, treatments, genotype x treatment interaction, and 
residual were broken down into components due to check varieties, ex­
perimental lines, and checks vs. experimentals. The check and experimental 
residuals were tested for homogeneity with an F-test. If they were 
different, each was used in testing the corresponding components of the 
other sources of variation. The overall residual term was used in the 
testing of the check vs. experimental line components and of the other 
components if the residual component terms were homogeneous. Tests 
were conducted in the manner described above, with the component mean 
Table 3» Degrees of freedom and expected mean squares for the analysis 
of traits measured on tvo replicates per location in Experiment 
1. 
Source of variation Degrees of freedom Mean square 
Locations,L f-1 MS^ 
Replicates,IÎ(L) f(r-l) MS^ 
Sets,S s-1 MS S 
S XL (f-l)(s-l) 
ro 
s X R(L) f(r-l)(s-l) 
Treatments,! t-1 MS^ 
T X L  ( f - 1 )  ( t - 1 )  M S ^ ^  
T X S  ( s - 1 )  ( t - 1 )  M S g p ,  
T X L X S (f-1) (s-1) (t-1) 
T(S) X R(L) fs(t-l)(r-l) 
Genotypes,G(S) s(g-l) MS^ 
G(S) X L s(g-l)(f-l) MS_ 
rCy 
G(S) X T s(g-l)(t-l) MSy^ 
G(S) X L X T s(g-l)(f-l)(t-l) MS FTG 
Residual fts(g-l)(r-l) MS 
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Expected mean square 
2 2 2 
+ rfg + rtg + rftg 
"l * + "LsCy) * ^ '°X6(Y) '-«'L " 
2 2 2 
Og + gOg + tga^ 
"e + «"s * "LB(Y) " rf'fstY) * * rss'xo * 
/ + go| + * rsSOia 
"E * ^ 4 * R°X.E(Y) " ''^%S(Y) * ''®°XYC •" 
< + ^ -LS(Y) ^ 
I ' i  
4 * r*Xae(Y) " ""xMY) ^ '''%@(Y) " "^^"SIY) 
% * "'L8(Y) " rt°X@(Y) 
"e + r°X.e(Y) " ''^''ag(Y) 
°E * -"LS(Y) 
2 
a 
e 
Table ko Degrees of freedom and expected mean squares for the analysis of traits measured on only 
one replicate per location in Experiment 1, 
Source of 
variation 
Degrees of 
freedom 
Mean 
square Expected mean square 
Locations,L 
Sets,S 
S X L 
Treatments,T 
f-1 
B-1 
(f-l)(s-l) 
t-1 
MS. 
MS, 
MS 
T 
+ fgOyO + ftgOy 
+ tOAg(Y) + GPAYO + + ^8°;^ 
+ 60%^^ + 880%, + + fg*;;. 
+ fsga 
a 
T X S (s—l)(t—l) MS^y „2 XA3(Y) + + «"XYC + 
T(S) X L B(t—l)(f—1) 2 
^Xae(Y) + + «"XYC. + 
Genotypes,G(s) s(g-l) MS^ „2 XA3(Y) + + ^^a3(Y) + fta 
G(S) X T s(g~l)(t-l) MSm; 2 XCT3(Y) + + ^^a3(Y) 
Residual t s ( g—1 ) (f—1 ) 2 XA3(Y) + T*XE(Y) 
^a3(Y) ^  
2 
B(Y) 
Table % Tests of significance for the analysis of traits measured on two replicates per 
location in Experiment 1. 
Source of variation Test 
G ( S )  X L X T* F 
0 ( 8 )  X  T  F 
G ( S )  X  L  F = 
0(8) F (M8G + M8G)/(M8YG + M8^G) 
T ( S )  X  R ( L )  F M8^/M8^ 
T X L X S F 
T X 8 F 
T X L F MSPGI/MSPGY 
T F (M8P + MS^_GY)/(MS^Y + MSGY) 
S  X  R ( L )  F 
S X L F (MSP_G + MS^Y + MS^YG)/(MS^G + MSP,^ 
S F (M8G + M8P.GY + M8^G + MSYG)/(M8PG 
^Refer to Table 3 for clarification of the meanings of abbreviations. 
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Table 6. Tests of significance for the analysis of traits 
measured on only one replicate per location in 
Ibgeriment 1. 
Source of variation Test 
G ( S )  X  T ® "  F = MSPC/MSGJ 
G(S) F = MSG/MSPG 
T ( S )  X  L  F II A 
T X S F = (MSGY + MSG^)/(MSG^ + MSY^) 
T F = MSY/MS^J, 
S X L F 
S F = (M8G + MSG2)/(MSPG + 
^Refer to Table 4 for clarification of the meanings of 
abbreviations. 
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squares tested against the same terms used for testing their overall 
mean square except where the components of the denominator term were 
significantly different. 
In Experiment 2 the model for analysis of those traits measured 
in two replicates at a location (BWT, GYD, HI, and SYD) was 
+ Pij + «2 + + «iji + 6;. + + '"«'in 
For those traits measured in only one location (SWT, SN, GD, and GR), the 
model was 
yilm = * + + "l + 
where the terms are defined as above with the exception that the genotypes 
are not nested within a set. 
The degrees of freedom and expected mean squares for these models 
are shown in Tables 7 and 8. The F-tests are presented in Tables 9 and 
10 and were performed as described previously. The breakdown into sources 
of variation due to checks and experimental lines was made, and the sums 
of squares involving experimental lines were further broken down factor-
ially into sources denoting differences among families derived from each 
of the four A. sterilis parents, to the four levels of backcrossing, to 
their interaction, and to residual variation within each combination of 
parent and level. The within mean square was tested against the seme 
error term which was used to test the overall source of variation. If 
significant, the within mean square was used to test the interaction; 
and the interaction was used to test the effects of parent and backcross 
generation. 
Table 7. Degrees of freedom and expected mean squares for the analysis of traits measured on two 
replicates per location in Experiment 2. 
Source of Degrees of 
variation freedom Mean square Expected mean square 
Locations,L f-1 MSp 
Replicates,R(L) f(r-l) MSr 
Treatment8,T t-1 MSy + ga| + 
"L» * 
T X L (f-l)(t-l) MSpy e + go^ + "•«"L 
T X R(L) f(r-l)(t-l) MS^y a" G + 
Genotypes,G g-l MSG a" e + "Le + rfa 
G X L (f-1)(g-l) e + 
G X T (t-l)(g-l) 
e 
+ 
-L. 
G X L X T (f—l)(t—l)(t—1) ^FTG a" G + -Le 
Residual ft(r-l)(g-l) MS^. 
e 
+ rfo^g + rfgo^ 
2 2 
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Table 8. Degrees of freedom and expected mean squares for the analysis 
of traits measured on only one replicate per location in 
Experiment 2. 
Source of Degrees of Mean 
variation freedom square Expected mean square 
Locations,L f-1 
Treatments,T t-1 2 
°ÀaB + + 
2 
T X L (f-l)(t-l) 2 + + 
-L 
Genotypes,G g-1 MS^ + + 
G X T (t-l)(g-l) 2 + + < 
Residual t(g-l)(f-l) MS^ „2 °\ag + 
a 
Correlation Analysis 
To investigate the relationships among the eight traits (BWT, GYD, 
HI, 8YD, SWT, SU, GD, GR) and how those relationships change with later 
planting, genetic and environmental correlations were calculated. Corre­
lations for each of the 28 possible pairs of traits were calculated for 
each combination of planting date treatment and set of lines in Experiment 
1 and for each treatment in Experiment 2. Mean squares and mean cross 
products were obtained from analyses based on the models: 
for Experiment 1 and 
= W + Aj + 6a, + 
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Table 9. Tests of significance for the analysis of traits measured on 
two replicates per location in Experiment 2. 
Source of variation Tests 
g x l x t f = 
g x t f = 
g x l f = 
g f = (msg + + mspc) 
t x r(l) f = msa/ms^ 
t x l f = (mspy + msgi/cms;,, + msppc) 
t f = (msy + + msy^) 
^Refer to Table 7 for clarification of the meanings of the 
abbreviations. 
Table 10. Tests of significance for the analysis of traits measured on 
only one replicate per location in Experiment 2. 
Source of variation Tests 
g x t* f ii 
g f = msg/œ^ 
t x l f 
t f = (msj, + me^)/(msyj, + ms^) 
^efer to Table 8 for clarification of the meanings of the 
abbreviations. 
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for Experiment 2, where 
^iklm ~ the" value of the mth genotype of the kth set in the ith 
treatment and-in'the ith location, 
y = the value of the rath genotype in the Ith treatment and ilm 
in the ith location, 
y = the overall mean, 
= the effect of the ith location, 
'^klm ~ effect of the rath genotype of the Jcth. set in the 
Ith treatment, 
3, = the effect of the rath genotype in the Ith treatment, 
Im 
(XB)i^I^ = the interaction of the rath genotype of the A:th set in 
the Ith treatment with the ith location, 
(Xg)ii^ = the interaction of the rath genotype in the Ith treatment 
with the ith location. 
The degrees of freedom and expected mean squares are given in Tables 11 
and 12. The cross product analyses were conducted in the same manner with 
mean cross products (MCP) replacing the mean squares. The analyses were 
based on one observation per location, so those traits having two repli­
cates per location were averaged over those two replicates. 
The correlations were calculated from the mean squares and mean cross 
products by 
r = MCP /(MS MS 
xy X y 
where, for the genetic correlations, 
MCP^ = the genetic covariance of traits X and Y calculated as 
(MCPg-MCPgj/f, 
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Table 11. Degrees of freedom and expected mean squares for the analysis 
on vhich the correlations are based for Experiment 1. 
Source of 
variation 
Degrees of 
freedom 
Mean 
square 
Expected 
mean square 
Locations jL f-1 MS 
Genotypes,G(ST) or G(T) g-1 MS 
Res idual (f-1)(G-1) MS 
'f 
2 
Ae(Ya) 
2 
2 „ 2 
'G 
2 
'e ^Xë(ya) 
Table 12. Degrees of freedom and expected mean squares for the analysis 
on which the correlations are based for Experiment 2. 
Source of 
variation 
Degrees of 
freedom 
Mean 
square 
Expected 
mean square 
Locations,! f-1 
GenotypessG(ST) or G(T) g-1 
Residual (f-l)(g-l) 
MS, 
MS, 
MS, 
%(o) 
„2 
XS(A) 
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MS^ = the genetic "variance of trait X, calculated, as 
(MSg-MSg)/f, and 
MSy = the genetic variance of trait Y. 
For the environmental correlations 
MCP = the covariance of the residuals, MCP„, 
xy E' 
MS^ = the error variance, for trait X, 
MS = the error variance of trait Y. y 
For tests of hypotheses concerning the correlation coefficients, the 
correlations (r) were converted to z values, which are approximately 
normally distributed, by 
z = .5 In (l+r/l-r). 
The test for homogeneity of the correlations was 
X = (n^-3)(z^-^)^ 
with k-1 degrees of freedom, where 
k = the number of correlations being compared, 
n^ = the number of observations on which a correlation is based, and 
= the weighted mean of the z values. 
Mean values for correlations were obtained by pooling z values and recon­
verting the 2 to r by 
r = (e^^-l)/(e^^+l). 
Path Coefficient Analysis 
Path coefficients are equivalent to standard partial regression co­
efficients and measure the direct effects of single independent variables 
upon the dependent variable in a multivariate system» Dewey and Lu 
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(1959) illustrated the separation of correlation coefficients into compo­
nents of direct effects (path coefficients) and indirect effects. Path 
coefficients (P) for three independent variables were found by simultaneous 
solution of the following equations: 
ii 
+ 
^13^3y 
^2y ~ ^2y 
+ 
•^23^3y 
h ii + 
^23^2y° 
The indirect effect of independent variable 1 by way of independent 
variable 2 was calculated as •^2_2^2y* 
Selection of Genotypes with Presumed Tolerance 
The genotypes in each population were ranked by their mean yields 
over the three late date of planting treatments. The top 2.% were selected 
for comparison with the checks and population means to identify the basis 
of their apparent tolerance. 
Response Traits 
Three measures of the response of genotypes to late planting were 
derived by combining data over planting date treatments, GYDP designates 
the ratio of the mean G YD of a genotype over the three late treatments 
(GYDLM) to the GYD of that genotype in the first treatment (GYDl). 
HIP designates the ratio of the mean HI over the three late treatments 
(HILM) to the HI of the same genotype in the first (or normal) treatment 
(nil). HDD is the difference in heading date between the first and last 
planting date treatments. 
The analyses of variance for these response traits were based on the 
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models : 
"ij * + «to ^  + ^ ij6. 
for GYDP and HIP in Experiment 1; 
+ Tk + (AY)±k + G&m + 
for HDD in Experiment 1; 
^ijm = % + + "ij + "• ^ijm 
for GYDP and HIP in Experiment 2; and 
fim = % + 
for HDD in Experiment 2, where 
^ijkm value of the mth genotype of the Jcth set in the jth 
replicate of the ith location, 
^ijtm ~ the value of the mth genotype of the Jcth set in the ith 
location, 
= the value of the mth genotype in the jth replicate of the 
ith location, 
^Im the value of the ath genotype in the ith location, 
U the overall mean. 
h 
= the effect of the ith location, 
'ij 
= the effect of the jth replicate in the ith location. 
= the effect of the ^ h set of lines, 
(AY)ik = the interaction of the Mh set and the ith location. 
•^ijic the effect of random variation on a particular ijJcth 
observation (vhole plot), 
^km 
= the effect of the àrfch genotype in the Jcth set. 
the effect of the JTrbh genotype. 
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(Xg) = the interaction of the mth genotype in the kth set with iKm 
the ith location, 
(X3). = the interaction of the mth genotype and the ith location, 
£. . = the effect of random variation on a particular ijicnrth ijJaa 
observation, 
e. . = the effect of random variation on a particular ijmth ijm 
observation. 
Degrees of freedom and expected mean squares for these analyses are in 
Tables 13 through l6o The tests of significance are found in Table l7. 
Response of Genotypes in Another Year 
Sixty-nine of the lines used in Experiment 1 had been included in a 
study conducted by Eagles (1975) in 1973 using a series of three 
planting date treatments. His results were comiDared. vith mine. Thp 
mean GYD's of genotypes in each of Eagles' treatments were correlated 
with the mean GYD's of the same lines in each of my treatments. The 
correlations were calculated as 
\l/2 
r = Gov /(Var Var )" 
xy X y 
where 
Cov^ = the covariance of the genotype means between the two treat­
ments , 
Var^ = the variance among the genotype means in one treatment, 
Var^ = the variance among the genotype means of the other treatment. 
A measure of response in each population was derived, and these were also 
correlated. From Experiment 1, the previously described GY!DP was calcu­
lated and averaged over replicates and locations. A corresponding 
Table 13. Degrees of freedom and expected mean squares for the analysis of GYDP and HIP in 
Experiment 1, 
Source of 
variation 
Degrees of 
freedom Mean square Expected mean square 
Locations >L f-1 MSp 
ReplicateB,R(L) 
.
—
i 
1 MS^ 
Sets»S s-1 
2 
+ + "X6(Y) '•«"XY " * rfSoZ 
S X L (s-l)(f-l) 2 + S"? + r°xe(Y) * rs^XY 
S X R(L) : f(s-l)(r-l) 2 a 
e 
+ 
2 
Genotypes,G(S) s(g-l) 2 a 
e 
+ 
r°xe(Y) + '•^"8(Y) 
G(S) X L s(g-l)(f-l) 2 a 
e 
+ 
z^XglY) 
Residual sf(g-l)(r-1) MS^ 2 
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Table l4. Degrees of freedom and expected mean squares for the analysis 
of HDD in Experiment 1. 
Source of Degrees of Mean 
variation freedom square Expected mean square 
°A6(Y) " ^ °S(Y) ^ 
"«(Y) * ®°XY 
Locations,L f-1 MS^ 
Sets,S s-1 MS^ 
S X L (s-l)(f-l) 
Genotypes,G(S) s(g-l) MS^ 
Residual s(g-l)(f-l) 
°A6(Y) ^°g(Y) 
Table 15. Degrees of freedom and expected mean squares for the analysis 
of GYDP and HIP in Experiment 2. 
Source of Degrees of Mean 
variation freedom square Expected mean square 
Locations,L f-1 MS^ 
Replicates ,R(L) f(r-l) MS^ 
Genotypes,G 8-1 MS^ g 
G X L (g-l)(f-l) g 
Residual f(g-l)(r-l) MS^ 
£ 
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Table l6. Degrees of freedom and expected mean squares for the analysis 
of HDD in Experiment 2» 
Source of Degrees of Mean Expected 
variation freedom square mean square 
Locations f-1 
2 ^2 
Genotypes g-1 MS^ g 
Residual (g-l)(f-l) 4 
Table 17. Tests of significance for the analysis of the response traits. 
Source of variation Test 
G(S) X L or G X L®" F ii 
G(S) or G F 
S X R(L) F 
S X L (Experiment 1) F = (ms^s + 
S X L (Experiment 2) F 
S F = (MSg + MS^g)/ + «g) 
^efer to Tables 13, l4, and 15 for clarification of the meanings of 
the abbreviations. 
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response variable was calculated for Eagles' data as the GYD in his 
last treatment divided by the GYD in his first planting date treatment. 
That variable was averaged over replicates and correlated with the GYDP 
means as above. 
These correlations among years can be thought of as standard unit 
heritabilities on an entry mean basis. As such, they indicate the pro­
portion of the variability in the trait that was common in the two years 
and caxL be presumed to be genetic in origin. 
4i 
EESULTS 
The Growing Season 
Cool weather delayed emergence of oat seedlings in the plots planted 
on April 13 until April 28. The ntimher of days from seeding to emergence 
decreased with successively later planting as temperatures were in­
creasing. The first occurrence of presumably stressful high temperatures 
was May 25-27, which is unusually early for such high temperatures in 
Iowa. Periods with mean temperatures in excess of 22°C were also en­
countered June 10-11, June 16-IT, June 24-July 6, July l4-20, and 
July 25-26 (see Figure l). 
Effects of Late Planting 
Experiment 1 
The effects of the planting date treatments were markedly different 
at the two locations. The whole- and sub-plot analyses and the means of 
the various traits measured for the four planting dates and two locations 
are presented in Tables I8 and 19, respectively. The performance of the 
plots at the Hinds Farm (location 2) was near what was expected; but at 
the Agronomy Farm (location l), the first planting date treatment pro­
duced a notably poor crop and the last, a much better crop than antici­
pated. The GYD's for the first planting date treatment were below normal 
at both locations. The low yields were attributable primarily to poor 
grain filling and the resulting low El's. This is characteristic of a 
crop which has been exposed to damagingly hot weather prior to maturity. 
With the exception of the fourth planting date at location 1, the later 
P = Date of planting 
E = Mean date of emergence 
H = Mean date of heading 
25. 
20. 
p. 15 
Long-term average daily mean temperature 
Mean temperature recorded in 1978 
6 12 18 2k 30 6 12 18 2U 30 5 13 19 25 1 7 13 19 25 31 
April May June July 
Figure 1, Growing seasons and temperatures encountered for the four planting date treatments 
based on data for Ames, Iowa (U.S. Dep. of Commerce - Weather Bureau, 1952, I963). 
Table l8. The whole- and sub-plot analyses of variance for Experiment 1. 
Mean square 
Source of Degrees of 
variation freedom BWT GYD HI SYD 
Locations,L 1 103,839 28,206.0 11,749.8 17,243.1 
Replicates,R(L) 2 1,368 1,063.6 1,240.6 946.0 
Sets,S 3 3,149 230.6 1,007.0 4,642.5 
S X L 3 3,82k 855.3 191.9 1,631.8 
S X R(L) 6 516 409.1 1,268.8 1,453.3 
TreatmentsjT 3 75,218 14,050.9 9,084.2 27,689.8 
T X L 3 44,4o5** 10,994.1** 3,735.1** 10,315.8** 
T X S 9 1,672 296.0 343.6 923.7 
T X L X S 9 2,209 444.7 495.3 1,322.4 
T(S) X R(L) 2k 2,085** 443.3** 519.1** 1,521.7** 
SWT SK GD GR 
Locations,L 1 8.8164 35,793,700 740.09 5.12295 
Sets,S 3 0.8137 644,100 58.67 0.61285 
S X L 3 2.641+8 1,062,100 27.40 0.26329 
Treatments,T 3 2.8887 8,285.400* 40,275.86** 36.62076** 
T X S 9 4.8671 1,364,000 10.99 0.20379 
Error b 12 4.1234** 2,084,000** 145.49** l.26l4o** 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and 0.01 levels, 
respectively. 
kk 
Table 19. Overall means for planting date treatments at each location in 
Experiment 1. 
Planting date treatment 
Trait Units Location 1 2 3 4 
days after 1 
2 
19.3a 22.9b 29.5c 35.7d 
May 31 2 18.3a 21.4b 27.7 c 36.9d 
BWT g/plot 1 72.5b 66.1c 72.8b 77.1a 
2 78. Ua 57.6c 62.9b 63.3b 
GYD g/plot 1 25.2a 23.1b 23.1b 26.1a 
2 27.3a 19.3b 19.4b 17.7b 
HI % 1 34.7a 34.9a 31.7b 33.8a 
2 34.6a 33.1a 30.6b 28.0c 
SYD g/plot 1 47.2b 43.1c 49.Tab 51.0a 
2 51.0a 38.3c 43.4b 45.6b 
SWT g/100 seeds 1 2.43a 2.32a 2.42a 2.47a 
2 2.60a 2.50a 2.50a 2.37a 
SN no./plot 1 1057a 1008a 964a 1069a 
2 1070a 778b 782b 756b 
GD days 1 52.3a 47.9b 43.5c 37.7d 
2 51.3a 46.4b 4i.Tc 39.9d 
GR g/plot/day 1 0.903b 0.898b l.l4lb 1.356a 
2 0.997b 0.826c 1.044ab 1.175a 
^HD is the heading date. See Table 2, page 19, for an explanation 
of the other abbreviations. 
within each row, values followed by the same letter are not 
significantly different at p < 0.05 by Duncan's new multiple range test. 
^5 
planting dates did produce less grain that did the first planting date 
treatment. 
The effect of planting date treatment on SYD, too, vas influenced 
strongly "by location. There was a consistent pattern, however, of a 
marked decrease in SYD from the first to the second planting date and an 
increase over the two later planting date treatments. GR was clearly 
more closely related to SYD than was GD. 
The differences in SWT among locations and planting date treatments 
were small and statistically non-significant, so variation in SÏÏ accounted 
for the observed variation in GYD. 
Although heading dates were successively later with later planting, 
the intervals "between mean heading dates were in each case less than the 
two-week difference in planting date. This was due in part to the de­
creasing time to emergence and in part to a decreasing interval from 
emergence to heading (GD), under the warmer conditions encountered by 
successively later plantings. 
There were no significant differences among sets of lines. Ifone was 
expected since they were random samples from the same population. 
Experiment ^  compared with Experiment 
The whole-plot analyses of variance and means for Experiment 2 are 
presented in Tables 20 and 21, respectively. In general, the response to 
planting date was similar in this experiment, "but the interaction with lo­
cation was not as strong for characters other than yield. Thus, the 
effects of treatments show up as significant for those other traits. Com­
parison of the response of the two populations is possible in terms of 
k6 
Table 20. Whole-plot analyses of variance for Experiment 2. 
Mean square 
Source of Degrees of 
variation freedom BWT* GYD EI SYD 
Locations,! 1 11,596 10,500.3 11,032.. 7 27.2 
Replicates,R(L) 2 3,057 215.0 109.8 1,666.6 
Treatments,T 3 5k,108* 20,218.4 28,874.7** 34,333.2* 
T X L 3 8,021+ 2,196.2** 3,061.4 6,946.2 
T X R(L) 6 7,376** 211.3** 1,455.5** 6,593.3** 
SWT SN GD GR 
Locations,L 1 72.7750 29,091,100 831.92 0.1905 
Treatments,T 3 3.6010 11,048,600* 10,170.73* 21.8251* 
T X L 3 2.7866** 504,800* 344.70** 1.1529** 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and. 0.01 levels, 
respectively. 
UT 
Table 21. Means of planting date treatments in each location of 
Experiment 2. 
Planting date treatment 
Trait Units Location 1 2 3 U 
ED days after 1 16.3 19.6 28.U 36.3 
May 31 2 lU.2 18.3 26.3 37.3 
BWT g/plot 1 67.la^ 57.7a 61.2a 66.Ta 
2 69.2a 53. Ub 51.7b 66.2a 
GYD g/plot 1 25.3a 21.5b 18.0c 21.1b 
2 26.0a l8.Ub lU.5c 15.4c 
HI % 1 37.6a 37. Ua 29.3b 31.8b 
2 37.ka 3k.2a 28.1b 24.4b 
SYD g/plot 1 Ul.8a 36.1a 43.2a 45.6a 
2 U3.3ab 35.0b 37.1b 50.8a 
SWT g/100 seeds 1 2.54 2.53 2.49 2.57 
2 3.01 2.98 2.74 2.77 
SIÎ no./plot 1 1012 858 732 834 
2 867 620 531 555 
GD days 1 k9.3 UU.6 42.4 38.3 
,2 U7.2 U3.3 40.3 39.3 
GR g/plot/day 1 0.8UT 0.807 1.016 1.186 
2 0.916 0.805 0.921 1.284 
^HD is the heading date. See Table 2, page 19, for an explanation 
of the other abbreviations. 
within each row, values followed by the same letter are not 
significantly different at p < 0.05 by Duncan's new multiple range test. 
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the common check varieties grown in each experiment. Eight entries were 
common to the two experiments. Table 22 contains the means of planting 
date treatments within locations for Set 4 of Experiment 1, expressed 
as a percentage of the mean of the eight common checks, while Table 23 
contains the means from Experiment 2 expressed in the same way. Compar­
ison of the two tables reveals some obvious differences between the two 
populations. For GYD, both populations would appear to be less produc­
tive than the checks on the first planting date treatment with Population 
1 being higher yielding than Population 2. Population 1 did, however, 
out-perform the checks when late planted, whereas there appeared to be 
little tendency for Population 2 to perform better relative to the checks 
on the later planting date treatments. There was evidence of a trend 
toward improved SYD with late planting in Population 2, while there 
appeared to be no trend in Population 1. 
The trends in GYD are seen to be influenced primarily by SN, with 
only a minor contribution from SWT. HI values reflect the effects of 
the trends in S YD and GYD. GR and GD both tend to be greater in Popula­
tion 1 than in the checks but smaller than the checks in Population 2. 
Genotypic Response to Late Planting 
The sub-sub-plot analysis for Experiment 1 is shown in Tables 2k and 
25. Tables 26 and 27 contain the sub-plot analysis for Experiment 2. 
Significant genotype x treatment interactions were detected for BWT, GYD, 
HI, S YD, and GD in both experiments and for SN and GR in Experiment 2. 
SWT was conspicuous as the only trait with a non-significant interaction 
in both experiments. Ifherever the general interaction was significant. 
hg 
Table 22. Experimental line means as a percentage of common check means 
in Experiment 1. 
Planting date treatment 
Trait Location 12 3 4 
BWT®" 1 108 107 113 106 
2 100 103 100 117 
GYD 1 95 106 108 107 
2 91 96 102 ll6 
HI 1 88 98 95 103 
2 91 93 100 102 
SYD 1 117 108 115 105 
2 105 107 99 117 
SWT 1 89 91 96 88 
2 90 92 90 97 
SU 1 loU ll4 110 120 
2 98 102 111 121 
GD 1 105 10i+ 103 95 
2 lOU lOU 101 96 
GR 1 111 lOU 112 110 
2 101 103 99 121 
*See Table 2, page 19 , for an explanation of the abbreviations 
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Table 23. Experimental line means as a percentage of common check means 
in Experiment 2. 
Planting date treatment 
Trait Location 1 2 3 
BWT^ 1 81 86 82 92 
2 85 88 91 101 
GYD 1 7^ 83 71 81 
2 77 Ik 83 89 
HI 1 91 9h 82 86 
2 90 87 88 85 
SYD 1 86 87 88 98 
2 91 97 95 105 
SWT 1 99 97 98 86 
2 98 99 96 io6 
SU 1 73 85 71 92 
2 79 Th 88 82 
GD 1 99 98 99 98 
2 9k 100 98 93 
GE 1 88 89 90 100 
2 93 97 99 117 
^See Table 2» page 19, for an explanation of the abbreviations. 
Table 2h. Sub-sub-plot analyses of variance for BWT, GYD, HI, and 8YD in Experiment 1. 
Mean square 
Source of Degrees of „ 
variation freedom BWT GYD HI SYD 
Genotypes,G(Sets,S) 591 712** 152.2** 182.6** 415.4** 
Experimental Lines,E 576 696** LA4.8** 170.4** 409.8** 
Checks,C LU 1357** 431.9** 661.5** 670.3** 
E vs. C 1 1029 517.3 532.5 87.2 
G(S) X Locations,L 591 228** 1+5.0** 31.5** 101.4** 
E X L 576 229** k5.5** 31.8** 101.2** 
C X L Ih 170 Z&.8 17.9 87.7 
E vs. C X L 1 743* 50.1 U5.1 407.4* 
G(S) X Treatments,? 1773 198* 39.3** 31.8** 93.8* 
E X T  1728 199* 39.2** 30.9** 93.2* 
C X T k2 160 26.7 38.7** 115.8* 
E vs. C X T 3 289 292.8** 1+27.2** 152.9 
G(S) X L X T 1773 191 32.9 2H.7 87.3 
E X L X T 1728 188 32.7 24.7 85.6 
C X L X T H 2 319 Ul.l 26.7 163.4 
E vs. C X L X T 3 LUI 21%.6 18.2 8.0 
Residual 1+728 170 30.5 22.5 79.5 
E k6o8 170 30.6 22.5 79.5 
C 112 173 29.7 22.5 83.2 
E vs. C 8 55 11.8 32.7 28.0 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, values are significant at the 0.05 and 0. 01 levels, respectively. 
Table 25. Sub-sub-plot analyses of variance for SWT, SN, GD, and GR in Experiment 1. 
Mean square 
Source of 
variation 
Degrees of 
freedom SWT* SN GD GR 
Genotypes,G(Sets,S) 
Experimental Lines 
Checks,C 
E vs. C 
591 
,E 576 
Ih 
1 
0.3162** 
0.2877** 
1.0013** 
7.1692** 
129,100** 
121,000** 
291,300** 
2,502,900** 
31.58** 
28.64** 
144.42** 
147.00 
0.0891** 
0.0868** 
0.1746** 
0.2010** 
G(S) X Treatments,T 
E X T  
C X T 
E vs. C X T 
1773 
1728 
H 2 
3 
0.0518 
0.0511 
0.0820 
0.0422 
35,400 
35,500 
20,600 
20k,500 
2.68** 
2.43** 
6.98** 
84.63** 
0.0263 
0.0261 
0.0284 
0.1000 
Residual 
E 
C 
E vs. C 
2364 
2304 
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4 
0.0476 
0.0465 
0.0893** 
0.1205 
33,600 
33,600 
33,800 
50,100 
1.35 
1.34 
1.58 
1.444 
0.0251 
0.0249 
0.0330 
0.0212 
^See Table 2, page 19, for an explanation of the abbreviations. 
value is significant at the 0,01 level. 
Table 26, Sub-plot analyses of variance for BWT, GYD, HI, and SYD in 
Experiment 2» 
Source of Degrees of 
variation freedom 
Genotypes,G 311 1904** 
Experimental Lines,E 301 1885** 
Crosses,A 3 2624 
Generations,B 3 2^17 
A X B 9 2383 
E(A X B) 286 1856** 
Checks,C 9 1244** 
E vs. C 1 13563** 
G X Locations,! 311 I89 
E X L 301 191 
C X L 9 122 
E vs. C X L 1 311 
G X Treatments,T 933 240** 
E X T  9 0 3  2 3 7 * *  
A X T 9 484* 
B X T 9 205 
A X B X T 27 226 
E(A X B) X T 858 235** 
C X I  2 7  3 0 0 *  
E vs. C X T 3 488* 
G X L X T 933 176* 
E X L X T 903 175* 
C X L X T 27 192 
E v s . C X L X T  3  4 5  
Residual 2488 154 
E 24O8 155 
c 72 129 
E vs. C 8 245 
*See Table 2, page 19, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and 0.01 levels, 
respectively. 
Mean scuare 
GYD HI SYD 
340.6** 557.1** 1193.0** 
333.7** 552.1** 1167.9** 
193.5 1705.6* 3435.1* 
592.3 133.1 862.9 
379.3 545.7 1439.6 
332.4** 562.8** 1138.8** 
279.8** 701.0** 1737.5** 
2962.3** 774.7** 3848.0** 
29.6* 26.6 107.2 
29.1 26.0 108.1 
42.5 52.2 87.5 
45.5 5.0 118.9 
39.0** 47.1** 143.3** 
38.8** 46.7** 139.7** 
64.7 60.9 260.3 
55.1 38.0 79.3 
33.7 50.8 156.5 
38.5** 46.5** 138.5** 
36.5 64.1** 264.6** 
122.8** 4.1 138.4 
25.8 26.5 99.6* 
25.6 26.2 99.5* 
32.6 33.7 112.3 
37.6 36.9 9.8 
23.8 24.6 85.4 
23.7 24.7 85.8 
25.4 20.9 69.6 
39.3 20.8 105.8 
Table 27. Analyses of variance for SWT, SN, GD, and GR in Experiment 2* 
Source of Degrees of 
variation freedom SWT 
Genotypes,G 311 0.2938** 
Experimental Lines,E 301 0.283^** 
Crosses,A 3 0.4191 
Generations,B 3 0*3^62 
A X B 9 0.2U02 
E(A X  B) 289 0.282T** 
Checks,C 9 0.64l8** 
E vs. C 1 0.2769 
G X Treatments,! 933 0.0844 
E X T  9 0 3  0 . 0 8 5 0  
A X T 9 0.0565 
B X T 9 0.0393 
A X B X T 27 0.0728 
E(A X B) X T 858 0.0862 
C X I  2 7  0 . 0 6 7 4  
E vs. C X T 3 0.0376 
Residual 1244 0.0767 
E 1204 0.0762 
c 36 0.0705 
E vs. C 4 0.2860 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and 0.01 levels, 
respectively. 
Mean square 
SN GD GR 
227,700** 71.44** 0.2423** 
222,000** 66.14** 0.2459** 
87,600 68.44 0.7010* 
379,900 22.37 0.3209 
259,000 75.94 0.4439 
220,600** 66.27** 0.2341** 
254,900** 223.74** 0.1236** 
1,688,100** 295.38** 0.2412* 
31,800** 6.49** 0.0402** 
31,800** 6.29** 0.0403** 
50,100 11.27 0.0627 
49,100 1.57 0.0138 
30,400 7.55 0.0508 
31,500** 6.25** o.o4oo** 
25,800 12.81** 0.0334 
96,300** 7.69* 0.0895* 
24,600 2.23 0.0296 
24,200 2.20 0.0298 
31,300 3.16 0.0266 
61,000 2.69 0.0172 
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the experimental lines showed a significant interaction with treatment» 
The check varieties were found to interact with treatments for HI, SYD, 
and GD in "both experiments and for BWT in only Experiment 2 hut not for 
GYD, SN, or GR. The lack of variability in the checks for grain yield 
response to treatments is sizrprising in light of the diversity of origin 
of these varieties. 
The interaction of genotypes and treatments for GD is noteworthy. 
Figure 2 shows the responses of 10 genotypes selected from Set 1 of 
Experiment 1 to show the variety of responses encountered. The response 
of line 92 is clearly different from normal and was consistent across 
locations. This is evidence that the sharp reduction in GD associated 
with late planting is subject to genetic control. This line also showed 
a high GR and an ahove-average HI in the last treatment, resulting in 
the second highest GYD among all lines in Experiment 1 for that treatment. 
The variation in maturity response to planting date treatment is 
also evident among the other lines. For example, compare lines 6o and 
T6 with lines 15 and Ul. 
Significance of the source of variation E vs. C X T in Tables 2k to 
27 indicates a difference in the average response to treatments of the 
experimental lines as compared with the checks. Significance was found 
for GYD and GD in hoth experiments and for BWT, HI, SÎT, and GR in one of 
the two experiments. The nature of the differences is evident in Tables 
22 and 23. Table 28 shows clearly the difference in mean GYD response 
to planting date treatment found "between the experimental lines and 
checks. There was a tendency for the checks to lose their yield 
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50' 
Line No 
•H 
S Uo 
-H 
101 
35 ' 
Planting Date Treatment 
Figure 2. Maturity responses of some genotypes to differences 
in planting date. 
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Table 28. GYD means for experimental lines and check varieties of oats, 
Date of planting 
treatment 
Experiment 1 
Mean grain yields 
Experimental 
lines Checks 
Experiment 2 
Experimental 
lines Checks 
1 
2 
3 
1+ 
g/plot 
26.9 
21.0 
21.1 
22.3 
g/plot 
28.1 
20.3 
18.7 
18.0 
g/plot 
25.U 
19.8 
16.2 
18.2 
g/plot 
32.2 
2^.2 
19.9 
20.8 
advantage over the experimental lines when late planted. The mean GYD 
of Population 1 was in fact over 4g/plot higher than that of the checks 
in the last treatment. 
Correlation Analysis 
Variability among treatments 
The correlations for the four sets of lines within each treatment in 
Experiment 1 were found to be consistently non-homogeneous. It was thus 
inappropriate to pool the sums of products to calculate a single correla­
tion for each treatment (Steel and Torrie, 19DO). Since the sets repre­
sented random samples from a common population and no variability among 
sets was found in the original analyses of variance, the variability among 
sets in the correlations was assumed to be due to the effects of whole-plot 
to whole-plot environmental variability, With the z values approximately 
6o 
normally distributed and the whole-plot to whole-plot environmental 
variability influencing the expression of the correlations, an analysis 
of variance on the z values was used to determine whether there were 
differences from treatment to treatment in the correlations « The four 
sets of lines were regarded as blocks in a randomized complete block 
design with the l6 z values as observations. The test of significance 
was 
F — /MS treatment set x treatment 
with 3 and 9 degrees of freedom. Table 29 contains the mean squares for 
each of the analyses of genetic and environmental correlations. Table 30 
shows the average genetic and environmental correlations for the four 
treatments and the overall averages. These average correlations were 
derived by averaging the z values (not weighted because of the approxi­
mate equality of the number of observations going into each correlation) 
and reconverting the mean z to r. 
When the set x treatment mean square was used to test the variation 
among sets, one of 28 genetic and two of 28 environmental correlations 
were significant at the 5% level. Because 5% of the cases should show 
significance due to chance, no difference existed among the correlations 
for the several sets. Three of $6 is 5.36%, which is very nearly identi­
cal to expectation. Two of 28 genetic correlations showed significant 
variability among treatments, which again suggests that there were no 
real differences among the correlations from the different treatments. 
The environmental correlations did, however, show a definite tendency to 
change from treatment to treatment, with 10 showing significant 
Table 29. Mean squares for analyses of variance among estimates of correlations in set-treatment 
combinations. 
Mean squares 
Genetic Environmental 
Traits 
correlated Treatments Residual Treatments Residual 
BWT-GYD®" 0.07 0.03 o.oH 0.01 
BWT-HI 0.06 0.02 0.01 0.01 
BWT-SYD 0.0k 0.02 0.09* 0.02 
BWT-SWT 0.00 0.05 0.00 0.01 
BWT-SN o.oH 0.07 0.03 0.01 
BWT-GD 0.06 0.06 0.02 0.01 
BWT-GR 0.08 0.06 0.07* 0.01 
GYD-HI 0.01 0.01 0.03 0.01 
GYD-SYD 0.06 0.03 0.07* 0.02 
GYD-SWT 0.07 0.03 0.01 0.01 
GYD-SN 0.15* O.OU 0.0k 0.02 
GYD-GD O.Oit 0.03 0.02 0.01 
GYD-GR 0.1% 0.06 0.08* 0.01 
HI-SYD 0.10 0.03 0.03 0.01 
HI-SWT 0.04* 0.01 0.01 0.01 
HI-SN 0.07 0.02 o.oL* 0.01 
HI-GD 0,05 0.01 0.02* 0.00 
HI-GR 0.17 0.07 o.oU 0.01 
SYD-SWT 0.03 0.03 0.00 0.00 
SYD-SN O.OH 0.06 0.06** 0.01 
SYD-GD 0.03 0.03 0.01 0.01 
SYD-GR 0.10 O.Oh o.i6** 0.02 
SWT-SN 0.01 0.01 0.01 0.02 
SWT-GD 0.03 0.01 0.01 0.01 
SWT-GR 0.05 0.05 0.00 0.00 
SN-GD 0.02 0.01 0.01 0.01 
SN-GR 0.08 0.15 0.07** 0.01 
GD-GR 0.02 0.03 0.03* 0.01 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and 0.01 levels, respectively. 
Table 30. Correlations among traits for the four planting date treatments averaged over sets 
and the overall means of correlations for Experiment 1 (genetic correlations above 
and environmental correlations below the diagonal). 
Trait 
Treatment Trait BV/T GYD HI SYD SWT SN ' GD GR 
1 BWT®" 0.71 0,07 0.87 0,27 0.56 0.31 0.88 
2 0. 50 -0.22 0.86 p.25 0.37 O.hl 0.82 
3 0.62 -0.03 0.88 0.29 0.h9 0.53 0.80 
k 0.62 -0.13 0.91 0.25 oM 0.33 0.88 
X  0 .62 -0.08 0.88 0.26 0.U8 0.40 0.85 
1 GYD 0.85b 0.76 0.26 0.39 0,.78 -0.25 o.Ui 
2 0.81 0.75 -0 .02 0.52 0.72 -0.15 0.03 
3 0.82 0.77 0.17 0.31 0.87 -0.02 0.22 
h 0.87 0.71 0.23 0.28 0.8U -0.20 0.39 
X 0.8U° 0.75 0.16 0.38 0.81 -0.16 0.27 
1 HI 0.16 0.63 -O0U5 0.29 0.57 -0 .60 -0.23 
2 0.19 0 .71 -0.69 0.36 0.5k -0 . 1+6 —0 « 61 
3 0.2k 0.72 -0.50 0 .20 0.72 —0 »U6 -0 .36 
k 0 .2k 0 ,6h -0.54 0 0I5 0 .63 -0.60 -0 .30 
X  0 .21 0 ,68 -0.55 0.25 0.62 -0 .53 -0 .39 
1 SYD O.9H 0.63 -0 .18 0 .09 0 .21 0 .5H 0 .91 
2 0.91 0.U9 -0 .21 -0 .03 -0 .01 0 .52 0 .93 
3 0 .9H 0.57 -0 .10 0 .15 0 .07 0 .63 0 .86 
i 0.96 0.69 -0 .02 0 .16 0 .13 0 .51 0 .89 
X  0.9% 0 .60 -0 .13 0.09 0 .10 0 .55 0 .90 
1 SWT 0.17 0.2i( 0.21 0.09 -0.30 o.o4 0.10 
2 0.13 0.15 0.13 0.09 -0.23 0.07 -0.05 
3 0.20 0.22 0.17 0.15 -0.21 0.11 0.10 
4 0.15 0.22 0.21 0.09 -0.29 -0.09 0.23 
X  o.i6 0.21 0.18 0.10 -0.26 0.03 0.10 
1 SN 0.72 0.8k 0.51 0.54 -0.31 -0.26 0 .36 
2 0.71 0.89 0.64 0.43 -0.27 -0.15 0.05 
3 0.72 0.86 0.6H 0.50 -0.23 -0.10 0.12 
h 0.79 0.88 0.56 0.64 -0.22 -0.17 0.25 
X  0.7L 0.88 0.59 0.53 -0.26 -0.17 0.20 
1 GD -0.17 -0.15 -0. oU -o.i4 0.02 -0.15 0.15 0,16 
2 -0.09 -0.09 -0.05 -0.07 -o.o4 -0.08 0 .i4 3 -0.23 -0.19 -0.10 -0.20 -0 .06 -0.17 f) no 
h -0.22 -0.23 -0.19 -0.19 -0.09 -0.21 0.12 X  
-0.18 -0 .17 -0.09 -0.15 -o.o4 -0.15 
1 GR 0.9% 0.63 -0.17 0.99 0.08 0.54 -0.27 
2 0.90 0.49 -0.21 0.99 0.09 0.43 -0.21 
3 0.92 0.57 -0.10 0.98 0.15 0.50 -0.37 
4 0.95 0.70 0.03 0.98 0.11 0.64 -0.36 
X  0.93 0.6l -0.11 0.98 0.11 0.53 -0.30 
^See Table 2, page 19 , for an explanation of the abbreviations. 
^Environmental correlations > .08 and .10 are significantly greater than zero at the 0.05 and 
0.01 levels, respectively. 
^Overall mean environmental correlations > .OH and .05 are significantly greater than zero 
at the 0.05 and 0.01 levels, respectively. 
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variability. 
Because of the very strong environmental association between GR and 
SYD, each environmental correlation involving GR vas almost identical to 
the equivalent one involving SYD, vith one exception: their respective 
correlations vith GD. Correlations of GR and SYD vity BWT, GYD, and SN 
shoved significant variability among treatments. In each case, the corre­
lations vere lover in the second treatment than in the first, but they 
increased in the last treatments. The environmental correlations betveen 
SYD and GR decreased slightly vith later planting, and that decrease vas 
statistically significanto 
The other tvo environmental correlations shoving significant varia­
tion among treatments involved Kl» The correlation of HI and SN was 
higher on the two intermediate treatments than on the first or last. 
The environmental correlation of HI and GD vas near zero in the early 
"creatments but vas increasingly negative vith later planting. 
The correlations for each treatment in Experiment 2 are given in 
Table 31. There vas no vay to determine in this experiment how much of 
the variation among treatments in the correlations was due to the treat­
ment effects as opposed to vhole-plot to vhole-plot variation in the 
fields. 
In comparing the trends of the environmental correlations over treat­
ments vith those which vere significant in Experiment 1, some similarities 
occurred. The relationship betveen GR and SYD was strong and declined 
vith later planting. The trends in correlations of GR and SYD with BWT 
vere similar to those in Experiment 1. But those vith GYD and SÏÏ appeared 
Table 31, Correlations among traits for the four planting date treatments in Experiment 2 
(genetic correlations above and environmental correlations below the diagonal). 
Trait 
Treatment Trait BV/T GYD HI 8 YD SWT SN GD GR 
1 BWT^ 0.75 O.lU 0.87 0.35 0.69 0.39 0.88 
2 0.69 0.03 0.87 0.28 0.67 0.39 0.87 
3 0.67 -0.02 0.91 0.13 0.62 0.k3 0.90 
k 0.5k -0.33 0.95 0.28 0.51 0.51 0.92 
1 GYD 0.86* 0.7k 0.32 0.30 0.96 -0.07 0.40 
2 0.79 0.73 0.2k 0.29 0.99 -0.01 0.31 
3 0.7k 0.73 0.30 0.28 0.96 -0.1k O.kk 
k 0.69 0,61 0.2k O.U5 0.96 -0.15 0.36 
1 HI 0.02 O.i+9 -0.36 0.11 0.75 -0.U9 —0.26 
2 0.11 0.66 -0.it7 0.17 0.7k -0.53 -0.37 
3 0.11 0.72 -0.k2 0.21 0.72 -0.56 -0.23 
h -0.06 0.59 -0.61 0.26 0.59 -0.67 -O.UH 
1 SYD 0.9k 0.6k -0.29 0.28 0.26 0.61 0.96 
2 0.90 0.I15 -0.30 0.17 0.22 0.60 0.96 
3 0.9k 0.i(5 -0.22 0.01 0.26 0.63 0.91 
U 0.96 o.k6 -0.29 0.15 0.22 0.6k 0.92 
1 SWT 0.09 0.05 -0.03 0.10 0.01 0.22 0.25 
2 0.13 0.12 0.0k 0.10 0.13 0.12 0.15 
3 0.2k 0.19 0.03 0.22 0.13 -0.17 0.10 
k 0.10 0.15 0.11 0.06 0.18 -0.13 0.2k 
1 SN 0.63 0.76 o.4i 0.46 
-0.56 
-0.12 0.35 2 0.6h 0.84 0.56 0.35 -0.40 
-0.14 0.30 
3 0.57 0.83 0.64 0.32 
-0.32 
-0.10 0.39 
U 0.57 0.84 0.51 0.37 -0.36 
-0.15 0.34 
1 GD -0.22 
-0.19 -0.01 -0.21 
-0.05 -0.14 0.37 
2 -0.09 -O.iU -0.12 -o.o4 -o.o4 
-0.12 0.35 
3 -o.oh -0.10 -0.12 0.00 0.00 
-0.10 0.24 
n 
-0.03 
-0.13 -0.15 0.02 
-0.13 -O.06 0.30 
1 GR 0.94 0.65 
-0.27 0.99 0.10 0.46 
-0.34 
2 0.90 0.46 -0.28 0.98 0.10 0.36 -0.21 
3 0.92 0.47 
-0.19 0.97 0.22 0.34 -0.23 
it 0.9k 0.50 -0.25 0.96 0.09 0.39 -0.21 
a 
'See Table 2, page 19, for an explanation of the abbreviations. 
Environmental correlations > .10 and .13 are significantly greater than zero at the 0.05 
and 0.01 levels, respectively. 
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to "be different, with all three late treatments having lower correlations 
than the first treatment. Again, the relationships of GD with SÏD and 
GR were dissimilar. The correlations of HI with SN and GD responded 
similarly to the treatments in the two experiments. 
General relationships among traits 
The general relationships among traits in Experiment 1 can be seen 
by comparing the average correlations in Table 30. GYD's were associated 
with Hi's and SN's per plot. The positive association between GYD and 
GR was largely environmental - plots with high GR's tended also to have 
high GYD's, while the genetic correlation was low. The relative 
maturity, or GD, was negatively associated with GYD. Late maturing 
genotypes tended to have high SYD's and SWT's but poor Hi's. But an 
environment that delayed maturity reduced SYD, GYD, HI, and GR. There 
was a positive genetic association between GD and GR. The genetic 
association of GR with GYD was lower than the corresponding environmental 
association, suggesting that a high GR achieved genetically is not as 
closely associated with good GYD's as is a similar GR due to a 
favorable environment. Similar trends were evident in Experiment 2 
(Table 31). 
Path Coefficient Analysis 
Path coefficients were used to compare the contributions of GR, GD, 
and HI to GYD in each treatment. Direct and indirect effects of both 
genetic and environmental relationships calculated from the genetic and 
environmental correlations, are shown in Tables 32, 33, and 34. 
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Table 32, Direct and indirect effects of GR on GYD computed via path 
coefficient analyses. 
Indirect effects via 
Direct ^ 
Experiment Type - Treatment r effect GD HI 
Genetic 1 0.1+1 0.62 0 .05 -0 .25 
2 0.03 0.83 0 .06 -0 .86 
3 0,22 0.59 0 .06 -0 .43 
h 0,39 0,76 0 .01 -0 .38 
Environmental 1 0.63 0,78 -0 .02 -0 .13 
2 0,^9 0,68 -0 .02 -0 .18 
3 0.57 0.70 -0 .06 -0 .07 
1; 0,70 0.65 -0 .06 0 .02 
Genetic 1 o.4o 0.58 0 .07 -0 ,26 
2 0.31 0.61 0 .14 -0 .43 
3 0.1+^ 0.61 0 .07 -0 .23 
U 0.36 0.78 0 .14 -0 .55 
Environmental 1 0,65 0.89 - 0 .  04 -0, .20 
2 0,46 0.73 -0, .02 -0, .25 
3 0.47 0.66 -0, .04 -0, .16 
U 0.50 0.73 -0, .03 -0, .20 
*See Table 2, page 19, for an explanation of the abbreviations. 
The direct genetic effects of HI, GR, and GD were near 1.2, 0.7, 
and 0.^, while the direct environmental effects were near 0.8, 0.7, and 
0,1. The indirect environmental effects tended to be small and negative, 
except for the case of the indirect effect of GD via GR, where the nega­
tive indirect effect was greater than the positive direct effect of GD, 
The indirect genetic effects of GD and GR via HI were large and negative 
with those of GD being generally larger than those of GR, The indirect 
genetic effects of GD via GR and vice versa were small and positive. 
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Table 33. Direct and indirect effects of GD on GYD computed via path 
coefficient analyses. 
Indirect effects via 
Direct ^ 
Experiment Type Treatment r effect GR HI 
Genetic 1 -0 .25 0 .30 0 .09 -0 .64 
2 -0 .15 0 .36 0 .14 -0 .65 
3 -0 .02 0 0 .08 -0 .54 
1+ 
-0 .20 0 .54 0 .02 -0 .76 
Environmental 1 -0 .15 0 .08 -0 .21 -0 .03 
2 -0 .09 0 .09 -0 .14 -0 .04 
3 -0 .19 0 ,16 -0 .26 -0 .08 
1+ 
-0 .23 0 .16 -0 .24 -0 .14 
Genetic 1 -0 .07 0 .19 0 .22 -0 .48 
2 -0 .01 0 .uo 0 .21 -0 .62 
3 -0 .Ih 0 .29 0 .15 -0 .58 
k -0 .15 0 0 .24 -0 .83 
Environmental 1 -0 .19 0, .12 -0 .31 -0, .01 
2 -0, .14 0, .12 -0, .15 -0. 10 
3 -0, .10 0, .16 -0, .15 -0, .10 
1| 
-0, .13 0, .14 -0, .15 -0, .12 
®'See Table 2, page 19, for an explanation of the abbreviations. 
Among treatments, there is little evidence for consistent trends. 
The direct environmental effects of GR exceeded those of HI in the first 
treatment but not in the later treatments. 
Selected Genotypes 
The performance of the best yielding genotypes in the late planted 
treatments (l2 from Population 1 and 6 from Population 2), is summarized 
in Tables 35 and 36. The selected lines and their means for all traits 
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Table 3^. Direct and indirect effects of HI on GYD computed via path 
coefficient analyses. 
Indirect effects via 
Direct ^ 
Experiment Type Treatment r effect G-R GD 
Genetic 1 0 .76 1 .08 -0 .lU -0 .18 
2 0 .75 1 .h2 -0 .51 -0 .17 
3 0 .77 1 .18 -0 .21 -0 .20 
4 0 .71 1 .27 -0 .40 -0 .33 
Environmental 1 0 .63 0 .77 -0 .13 0 .00 
2 0 .71 0 .86 -0 .14 0 .00 
3 0 .72 0 .80 -0 .06 -0 .02 
4 0 .6h 0 .7h 0 .02 -0 .03 
Genetic 1 0 .74 0 .99 -0, .15 -0 .10 
2 0 .73 1 .17 -0, .22 -0 .21 
3 0 .73 1 .03 -0, .14 -0 .16 
4 0 .61 1 .2h -0, .34 -0 .30 
Environmental 1 0 .49 0 .Ih -0, .24 0 .00 
2 0 . 66 0 .88 -0, .20 -0 .01 
3 0 .72 0, .86 -0, .12 -0 .02 
4 0 .59 0, .79 -0. 18 -0 .02 
^See Table 2, page 195 for an explanation of the abbreviations. 
on a within treatment basis are presented in Tables 44 and 4-5 of the 
Appendix. 
In both populations, the mean GYD's of the selected group of lines 
was significantly higher than the mean of the common checks and the popu­
lations as a whole with one exception, that being in the first planting 
date treatment of Experiment 2 where the selected lines did not outyield 
the common checks. In both populations the selected lines had a better 
Table 35. Trait means expressed in the original units and as percentages 
of the common check means and of the population means for the 
12 oat lines with the highest grain yields over the three late 
date of planting treatments in Experiment 1. 
Statistic Treatment BWT®" GYD 
g/plot g/plot 
Sample mean 1 87.3 32.2 
2 70.4 28.2 
3 81.1 29.6 
1| 84.0 29.6 
% of common checks 1 120** 115** 
2 119** 134** 
3 128** 145** 
U 133** 147** 
% of population mean 1 ll6** 123** 
2 115** 132** 
3 121** 138** 
i+ 121** 133** 
^See Table 2, page 19, for an explanation of the abbreviations. 
*, **Mean of selection is significantly different from the mean of 
the population with which it is being compared at the 0.05 and 0.01 
levels, respectively. 
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Trait 
HI S YD. . SWT Sïï GD GR 
% g/plot g/100 seeds count days g/day 
36.8 55.1 2.65 1250 51.4 1.072 
39.3 42.2 2.55 1120 46.3 0.909 
36.3 51.6 2.61 1150 41.9 1.230 
35.1 54.5 2.50 1180 38.8 1.408 
94* 124** 94 122** 104** 120** 
110** 111* 98 135** 102* 109 
113** 120** 99 144** 100 120** 
112** 126** 97 152** 97** 129** 
106** 113** 104* 120** 99 114** 
114** 106 107** 124** 98** 107 
115** 112** 106** 130** 99* ll4** 
112** 115** 105** 126** 102** 112** 
Table 36. Trait means expressed in the original units and as percentages 
of the common check means and of the population means for the 
six lines with the highest grain yields over the three late 
date of planting treatments in Experiment 2. 
Statistic Treatment BWT^ GYD 
g/plot g/plot 
Sample mean 1 82.1 31.1 
2 73.3 29.5 
3 81.3 27.2 
92.9 29.3 
% of common checks 1 101 98 
2 112* 118** 
3 125** 129** 
4 135** 136** 
% of population mean 1 121** 122** 
2 133** 1A9** 
3 1A5** 168** 
4 lAo** 161** 
^See Table 2, page 19» for an explanation of the abbreviations. 
**Mean of selection is significantly different from the mean of 
the population with which it is being compared at the 0.05 and 0.01 
levels, respectively. 
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Trait 
HI 
38.1 
4o.l 
33.3 
32.1 
93* 
105 
101 
101 
102 
112** 
ll6** 
115** 
SYD SWT SE GD GR 
g/plot g/100 seeds count days g/day 
50.9 2.93 1090 49.6 1.029 
k3.9 2.85 lo6o 45.4 0.968 
54.1 2.62 1050 43.4 1.248 
63.7 2.91 1030 40.8 1.562 
107 103 89* 101 105 
109 103 ll6* 102 107 
124** 97 132** 103* 121** 
135** lou 131** 101 135** 
120** io6* 117** 103** 117** 
124** 103 ikk** 103** 120** 
135** 100 168** 105** 129** 
132** 109** 148** 106** 126** 
76 
response to late planting than did the checks of the respective popu­
lations in general. Mean SWT's of the selected lines vere not signi­
ficantly different from those of the common checks in any treatment, but 
they had a tendency to be higher than the respective populations from 
which they were selected. The differences in GYD between the selected 
groups and the common checks were attributable primarily to differences 
in SN. 
There was an apparent difference between the two groups of selected 
lines in how they responded to late planting to achieve higher GYD's 
relative to the common checks* The selected group of Population 1 has 
a SYD markedly higher than that of the common check mean in the first 
date of planting treatment and maintained that advantage over the common 
check mean through the four treatments. The difference in GYD response 
probably was due to the ability of the selected group to maintain a 
higher EI in the late planting date treatments. In the second population, 
the selected group did not have a significantly greater mean SYD in the 
first planting date treatment than did the common checks. The advantage 
of the selections on the second treatment seemingly was due to a combina­
tion of both a higher mean S YD and a higher mean HI even though neither 
was significantly better than that of the common checks. The high 
relative GYD's on the last two treatments were accompanied by mean SYD's 
much higher than and mean Hi's very near the common check mean. The 
selections from both populations showed a superior response to late 
planting in their Hi's but in the second population only because the mean 
HI in the first treatment was significantly below the common check mean. 
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GD was similar in the selected groups and common checks. The 
differences in SYD's were closely paralleled "by differences in GR, 
Response Traits 
Analyses of variance for GYLP, HIP, and HDD are presented in 
Tables 37, 38, and 39, and means for these traits are given in Table 4o. 
There was significant variability among genotypes in both experiments for 
all traits except GYDP in Experiment 1, but the checks showed significant 
variability only for HIP and HDD. Significant differences between the 
means of the checks and experimental lines were found for HDD in both 
experiments and for HIP in Experiment 1. The experimental lines in 
Experiment 1 interacted with locations to such an extent that significant 
variability among genotypes for GYDP was not detectable. 
Genetic and environmental correlations among these three variables 
(GYDP, HIP and HDD), GYD and HI of the first planting date treatment 
(GYDI and HIl, respectively), and the mean GYD and HI of the last three 
treatments (GYDLM and HILM) are given in Tables Ul and k2« Environmental 
correlations are quite similar for the two populations. An environment 
which favored high HI in the first treatment also favored a high GYDI 
and had a depressing effect on GYDP and HIP, as one would expect. En­
vironmental effects on the measurements of GYD and HI in the first treat­
ment were essentially independent of the environmental effects on the 
later ones. Wo environmental correlation involving HDD was significant. 
Genetic correlations involving GYDP in Experiment 1 are not given 
because no significant variation occurred among genotypes for that trait. 
Strong genetic relationships existed between the performance of oat lines 
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Table 37. Analyses of variance for response variables GYDP and HIP in 
Experiment 1. 
Mean sauare 
Source of Degrees of 
variation freedom GYDP* HIP 
LocationJL 1 43.185 3.686 
Replicates ,R(L) 2 0.648 0.186 
Sets,S 3 1.234 0.610 
S X L 6 0.880 0.633 
S X R(L) 6 1.959** 0.338** 
Genotypes,G(S) 591 0.116 0.036** 
Experimental Lines,E 576 0.116 0.033** 
Checks,C li+ 0.045 0.065** 
E vs. C 1 1.050 0.998** 
G(S) X L 591 0.116** 0.020 
E X L 576 0.117** 0.020 
C X L 14 0.064 0.021 
E vs. C X L 1 0.000 0.051 
Residual 1182 0.097 0.018 
E 1152 0.099** 0.019* 
C 28 0.033 0.010 
E vs. C 2 0.065 0.028 
^See text, page 34, for an explanation of the abbreviations. 
*, **F values are significant at the 0.05 and. 0.01 levels, 
respectively. 
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Table 38. Analyses of variance for response variables GYDP and HIP in 
Experiment 2. 
Mean square 
Source of Degrees of 
variation freedom GYDP^ HIP 
Location,L 1 
Replicates,E(L) 2 
Genotypes,G 311 
Experimental Lines,E 301 
Checks,C 9 
E vs. C 1 
G X L 311 
E X L 
C X L 
E vs. C X L 
Eesidual 622 
E 
C 
E vs. C 
301 
9 
1 
602 
18 
2 
9.l9k 
0.717 
0.175** 
0.179** 
0.028 
0.223 
0.081 
0.08ii 
0.012 
0.008 
0.082 
0.08k** 
0.031 
0.024 
1.465 
0.338 
0.086** 
0.085** 
0.122** 
0.003 
0.03k 
0.035 
0.025 
0.034 
0.032 
0.032** 
0.011 
0.035 
^See text, page 34, for an explanation of the abbreviations. 
**F value is significant at the 0.01 level. 
in the early and late treatments and between GYD and HI. Correlations 
involving GYDP in Experiment 2 suggest that GYDl has a greater effect 
on GYDP than does GYDLM. Figures 3 and 4 show the scatter diagrams of 
GYDLM relative to GYDl (averaged over locations) for the two populations. 
The positive correlations between GYDl and GYDLM are evident. By com­
paring the distribution of points to the diagonal line representing 
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Table 39- Analyses of variance for response variable HDD. 
Experiment 1 Experiment 2 
Source of Degrees of Degrees of 
variation freedom Mean square freedom Mean square 
Locations,L 
Sets ,S 
S X L 
Genotypes,G(S) 
Experimental Lines,E 
Checks,C 
E vs. C 
Residual 
E 
C 
E vs. C 
1 1485.77 
3 32.13 
3 15.69 
591 8.62** 
576 7.36 
lU 29.06** 
1 I+U7.90** 
591 2.50 
576 2.50 
Ih 2.39 
1 1.01 
1 1548.5% 
311 24.58** 
301 23.85** 
9 48.01** 
1 35.28** 
311 4.74 
301 4.80 
9 2.23 
1 6.82 
**F value is significant at the 0.01 level. 
6=1.0 (i.e., GYD1=GYDLM), it is evident that high GïDP's rarely occur in 
genotypes with high GYDl's. High HI in the first treatment was related 
to poor GYD response to late planting, more so than high GYD. Genetic 
correlations involving HDD were strikingly different in the two popula­
tions, suggesting a clear genetic difference between populations. Geno­
types with a tendency to shift toward relatively earlier maturity in the 
later treatments tended to have relatively lower GYDl's and HIl's in 
Population 1 but higher ones in Population 2. Reduced HDD was related to 
increased GYDLM and more closely to increased HILM in Experiment 2. In 
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Table 40. Means of GYDP, HIP, and HDD for different groups of oat lines. 
Means 
Experiment Subset GYDP^ HIP HDD 
1 Experimental lines 0.892 0.886 17.2 
Checks 0.702 0.777 20.3 
Common checks 0.738 0.837 21.0 
2 Experimental lines 0.766 0.785 21.5 
Checks 0.690 0.793 22.8 -
Common checks 0.691 0.828 22.5 
^See text, page 3^, for an explanation of the abbreviations. 
Population 1, reduced HDD vas closely related to higher HIP, and one would 
expect GYDP to "be increased also "because of the close association of HI 
and GYD. 
Comparison with Eagles' Data 
Correlations of GYD's in each planting date treatment in Experiment 1 
with those of Eagles' three planting date treatments for the 69 common 
genotypes are given in Table i+3. If the response to late planting was 
consistent across years, correlations between early treatments in one 
year and late treatments in the other should be lower than those between 
early treatments or between late treatments. There seems to be little 
evidence for such a relationship here. GYD's in Eagles' first 
82 
Table ^1. Genetic (above the diagonal) and environmental (below the 
diagonal) correlations of response traits, grain yields, and 
harvest indexes in Experiment 1. 
Traits GYDl^ GYDLM GYDP HIl HIIM HIP HDD 
GYDl 0.91 b 0.75 0.65 0.31 0.21 
GYDLM 0.10° ——— 0.64 0.74 - 0.45 
-0.05 
GYDP 
-0.73 0.39 — — ——— 
Ell 0.62 0.03 -0.56 0.90 0.18 0.24 
HILM 0.09 0.72 0.26 0.09 0.65 -0.13 
HIP 
-0.59 0.39 -0.82 -0.86 0.48 -0.81 
HDD 0.00 -0.07 -0.06 0.01 0.00 0.01 
^See Text, page 3^, for an explanation of the abbreviations. 
^Calculation of correlations involving GYDP is invalid because of 
the lack of significant variability for that trait. 
'^Environmental correlations >.08 and .10 are significantly greater 
than zero at the 0.05 and 0.01 levels, respectively. 
treatment were better correlated with those in each of the treatments of 
Experiment 1 than were those in either of his later treatments. Mean 
GYD's of Eagles' treatments were successively 35.1, 31.2, and 17.9 g/plot. 
A significant correlation of 0.26 between GYDP from Experiment 1 and 
the response variable from Eagles' data (GYD of Treatment 3/GYD of 
Treatment l) does indicate that some portion of the response to late 
planting is heritable. This correlation can be regarded as a standard 
unit heritability on an entry mean basis. 
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Table k2. Genetic (above the diagonal) and environmental (belov the 
diagonal) correlations of response traits, grain yields, and 
harvest indexes in Experiment 2. 
Traits GYDl® GYDLM GYDP HIl Him HIP HDD 
GYDl 0.85 -0.36 0.74 0.71 -0.01 -0.48 
GYDLM 0.13^ 0.06 0.46 0.68 0.35 -0.39 
GYDP -0.6U 0.38 -0.57 -0.13 0.89 0.l8 
HIl O.i+9 0.13 -0.34 0.85 -0.l4 -0.54 
KILM 0.00 0.6k 0.34 0.03 0.36 -0.62 
HIP -0.35 0.31 0.58 -0.65 0.59 -0.19 
HDD 0.09 -0.05 -0.08 -0.02 -O.OB 0.05 
^See text, page SU, for an explanation of the abbreviations. 
^Environmental correlations > .10 and .13 are significantly greater 
than zero at the 0.05 and 0.01 levels, respectively. 
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Table US. Correlations (and their 95^ confidence intervals) between 
GYD's for the foiir planting date treatments of Experiment 1 
and those for the three planting date treatments of Eagles 
(1975) for the 69 common genotypes. 
Eagles ' treatments 
Planting date 
treatment 12 3 
1 0.60 0.II3 0.30 
(0.1+3-0.73) (0.23-0.61) (0.07-0.50) 
2 0.56 O.I17 0.U4 
(0.37-0.70) (0.27-0.63) (0.23-0.61) 
3 0.60 0.52 O.UO 
(0.42-0.73) (0.33-0.67) (0.19-0.58) 
0.51 0.39 0.1+1 
(0.31-0.66) (0.17-0.57) (0.20-0.59) 
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Discussion AMD CONCLUSIONS 
A general assumption underlying the interpretation of these data has 
been that the effects of late planting on oat plant responses are largely 
attributable to increasingly higher temperatures. The actual contribu­
tion of temperature to the late planting effect is open to question 
because there was no control of most other factors which could influence 
oat growth and development. Some other factors would be soil moisture, 
insect and disease problems, photoperiod, and vernalization. Soil 
moisture was generally adequate for oat plant growth throughout the 1978 
season. Foliar diseases were controlled, and no insect problems were 
evident. Oats are a long-day crop, so reproductive development of the 
plant should have been favored by longer photoperiods, which would have 
favored the later treatments, if any. The earliest sown plants would 
have become sensitive to daylength early in May (when the daylengths were 
about ll+ hours) and have headed before the daylength reached its maximum 
(about 15 1/^ hours) one June 21. The later planted materials thus were 
exposed to near maximum daylengths for a longer time before heading. 
Therefore, photoperiod cannot account for the reduction in GYD with later 
planting. 
"Vernalization, on the other hand, may have actually given the early 
treatments some advantage. Many varieties of oats respond favorably to a 
low temperature treatment (Frimmel, 1979). Plants in Treatments 3 and 4 
were not exposed to vernalizing temperatures at all, whereas those in 
Treatment l and possibly Treatment 2 may have been exposed to sufficiently 
low temperatures to have some effect upon their development. Wiggans' 
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(1956) data did not show an incremental drop in yield for those treatments 
planted too late to "be vernalized, "but rather, they shoved a near linear 
downward trend which would "be much more consistent with the hypothesis 
that high temperature exposure was responsible for reduced GYD. The 
assumption that the major detrimental effect of late planting on oat 
yields is due to high temperature stress, therefore, seems reasonable, 
considering the definite detrimental effects of high temperature cited in 
the Literature Review. 
GYD for the first date of planting treatment was below normal due, 
at least in part, to delayed germination and the occurrence of high 
temperatures early in the growing season. The first planting date treat­
ment in my study, therefore, was not as good a base of comparison as was 
desired. However, the later planted treatments did produce significantly 
lower GYD's, as anticipated. 
There were significant differences between locations in the response 
of the oats to planting date treatments. This indicated that the gross 
environmental factors like temperature and photoperiod, which dis­
tinguished the treatments and which would have been very similar at 
these two locations only 15 km apart, did not act on plant development 
independently of the microclimate and edaphic factors that were charac­
teristic of the locations. The genoty.ic response to planting date treat­
ment within each of the two populations was, however, independent of the 
genotypic response to location, as indicated by the consistent lack of 
significance of the entry x treatment x location interaction. 
There was significant variation among genotypes in how they responded 
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to dates of planting. The check varieties, on the other hand, vere 
relatively uniform in their response to planting date treatment and 
location, despite the fact that they were selected to represent a diverse 
assortment of commercial types adapted to many oat producing areas. 
Mean GYD response of the check varieties vas poor relative to that of 
population 1, reflecting the fact that they vere selected specifically 
for high yields under cool conditions and early planting. Population 1 
was not as highly selected; and, although it did not yield as well under 
favorable conditions, it seemed to be "better adapted under conditions 
of late planting. Population 2 did not have the general adaptation and 
yield potential of Population 1, which would "be expected because it was 
composed of relatively unselected introgression lines; whereas Population 
1 was composed of lines from crosses of well-adapted parents. The 
families of lines in Population 2 derived from the four A. sterilis 
parents all responded about the same, leaving little hope that any of 
these weedy lines might serve as a source of genes for tolerance to high 
temperatures or late planting. Pour lines is a small sample on which to 
base conclusions about such genes in A. sterilis as a whole, but the evi­
dence they provide is not encouraging. This result was not unexpected 
because there probably would be little advantage for A. sterilis to 
have heat tolerance in its natural environment. It is a winter annual 
which matures in the spring before hot weather is likely to occur. 
The depression of GYD with delayed planting in my study was due to 
a reduction in Sîî, whereas SWT was affected little. But then, SWT was 
abnormally low in the first treatment, possibly due to the early onset 
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of high temperatTore during grain filling. Taylor (1967) found that 
anthesis vas the most sensitive developmental stage of oats to high 
temperature effects. In his study, high temperatures at anthesis re­
duced GYD by reducing the number of seeds developing to maturity. % 
results are consistent vith Taylor's observation. These data suggest 
that the oat plant may abort some florets but does manage to fill the 
remaining seeds to some minimum level even under these stressful condi­
tions . If the conditions had been more favorable for grain filling in 
the first treatment, it is likely that SWT vould have been higher there 
and a response to planting date for that trait vould have been reported. 
SYD's vere reduced in treatment 2, but, in fact, they vere quite 
high in the last tvo planting date treatments, vhich indicates that late 
planting conditions vere not particularly detrimental to grovth in oats. 
In fact, the GR's measured on the last treatment vere quite remarkable, 
so poor GYD's from the late treatments vere due to lov Hi's. In other 
vords, the plants vere inefficient in the utilization of the vegetative 
grovth in grain production. The highly significant genotype x planting 
date treatment interaction for HI found in both experiments indicates 
that genetic differences existed for efficiency of the reproductive phase 
in response to late planting. The selected lines from Population 1 
illustrate the advantage of genotypes that can maintain a respectable HI 
vhen late planted. The selected lines of Population 2 vere different in 
that their HI did not hold up as veil in the late treatments: their GYD 
advantage in the later treatments vas due to higher GR's, and thus, higher 
total biological yields. 
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Takeda and Frey (1976) reported that GR and HI together accounted 
for more than 90% of the variation in GYD of oats. Mathematically, GYD 
is related to GR and HI by the equation: 
GYD = GD X GR X Hl/(l-Hl) 
where GR x GD = S YD. If GR and HI account for more than 90% of the vari­
ation in GYD, then GD must "be of little importance. results support 
this conclusion in that the correlations of GR and HI with GYD were high, 
hut those "between GD and GYD were low. The path coefficient analysis 
indicated that the direct effect of GD upon GYD is positive, though 
small. The indirect effect through HI, however, is definitely negative. 
In general, the increase in total vegetative growth achieved through an 
extended growing period was offset by reduced reproductive efficiency 
as measured "by HI. Path coefficient analysis was applied to "both the 
genetic relationships among these variables and the effects of environ­
ment. Genetic correlations and path coefficients are the relationships 
of the mean performance of lines across environments» whereas environ­
mental correlations and path coefficients describe the relationships of 
the deviations from the genotype means in the individual environments. 
Genetically, HI was nearly twice as important as GR in determining GYD, 
and GD did contribute directly; but an environment which favored increased 
GD had little tendency to increase GYD. Environmental effects of GR and 
HI were nearly equal in their direct influence on GYD. The indirect 
genetic effects showed strong negative effects of GD and GR on GYD by way 
of their effect on HI. The negative effect of GD via HI was large rela­
tive to its positive effect on total biological growth. This relationship 
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is the "basis for the use of early maturing oat varieties for I ova. To 
make later maturing genotypes practical, the negative correlation 
between maturity and HI must be reduced. 
Reductions in GD noted with late planting were compensated for in 
the two latest treatments by increases in GE to achieve adequate vegeta­
tive growth. Since HI declined over treatments concurrently with a reduc­
tion in GD, the negative association of the two cannot be attributed to 
GD itself, but rather it must be a function of maturity relative to 
environmental stresses. In years when the weather stays mild well into 
the summer, a positive correlation is found between GYD and maturity. 
This only seems to occur in seasons free of the stress imposed by high 
temperatures. 
There was considerable variability in the relative maturity of my 
genotypes over treatments. The two populations were clearly different in 
how this phenomenon was associated with GYD and HI. But in neither case 
was it possible to show a high correlation between the shift in relative 
maturity and the GYD response to the treatments. For HI, however, in 
both populations, a shift toward relatively later maturity was associated 
with a reduction in HI over treatments. The variability observed in HDD 
shows that GD reduction due to late planting or high temperatures could 
be genetically circumvented as a limiting factor to GYD. 
In conclusion, the stresses encountered in the late planted treatments 
were more detrimental to the reproductive processes, specifically to the 
determination of SU, than to vegetative growth. There was significant 
genetic variability among the experimental lines for tolerance to these 
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stresses; similar variation was not apparent among the check varieties. 
Though the checks had a GYD advantage in the first planting date treatment, 
many experimental lines performed "better when late planted. Significant 
interactions of genotypes and treatments for HI occurred, indicating that 
there were genetic differences among genotypes for response of HI to 
later planting. The significant variability for HIP leads to the same 
conclusion. Lines selected from Population 1 had a tendency to retain a 
fairly high HI's in the late planted treatments, also. This may he evi­
dence that genetic variability exists in the oat gene pool for response 
to the stresses of late planting. The heritability of such tolerance, 
particularly as it applies to GYD, certainly is low, making its detection 
difficult. Although gains might he obtained in improving oats for 
tolerance to the stresses of mid-summer in Iowa, there is little evidence 
to indicate that it would be as profitable as breeding for maximum pro­
ductivity using a more favorable environment. The high correlations of 
GYDl with GYDLM are evidence that a genotype selected for its performance 
in a normal Iowa growing season will generally be one of the better 
yielders under the stress of late planting. Successful breeding of oats 
for tolerance to the conditions of mid-summer in Iowa would require more 
thorough evaluation of the genotypes and more years and locations of 
testing than used in these experiments because high temperature stress is 
not consistent in occurrence in Iowa and the heritability of such 
tolerance probably is low. 
The relationship of maturity to GYD of oats is highly dependent upon 
the stresses encountered late in the growing season. Breeding for 
9i+ 
improvements in GR and HI likely would "be more efficient strategies for 
increasing GYD in oats than any strategies involving increases in vegeta­
tive GD. Only when and if considerable improvements are made in the 
tolerance of oats to late season stresses, primarily temperature stress, 
will later maturity te a viable route to improved GYD. Such stress 
tolerance can probably be developed in oats, "but it does not appear to 
be readily availa'ble. 
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SUMI4ABY 
Two populations of oat genotypes were evaluated in date-of-planting 
treatments to investigate the potential for breeding oats for tolerance 
to the stresses of late planting and high temperatures common in Iowa. 
Grain yields generally were reduced in the late planted treatments. Lower 
grain yields were associated with reduced harvest indexes, reduced 
growth durations, and reduced seed numbers per plot. High straw yields 
and high growth rates were typical of these late treatments. 
There was significant genotype-by-treatment interaction for bundle 
weight, grain yield, harvest index, straw yield, and vegetative grovrth 
duration in both populations and for seed number and vegetative growth 
rate in the population derived from the introgression of Avena stexilis 
germplasm into A, sativa. This was interpreted to be due to genetic 
variability for response to differences in planting dates. Generally, 
the experimental lines were more variable for the response to treatments 
than were the check varieties, even though the checks were from diverse 
origins. For grain yield, the population derived from crosses of 
varieties adapted to Iowa had a much better mean response to the treat­
ments than did the checks or the second population. 
Genetic and environmental correlations within treatments were cal­
culated to investigate the relationships among the traits and how those 
relationships changed from treatment to treatment. The genetic rela­
tionships were not detect ably different among treatments, but some of the 
environmental correlations did vary significantly among treatments. These 
differences tended to be small and probably were attributable to 
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independent changes in the growing conditions at the different locations 
among treatments. High grain yields were associated with high harvest 
indexes and high seed numbers. Environments that favored high growth 
rates tended to favor high grain yields. Late maturing genotypes tended 
to have high straw yields but poor harvest indexes. 
Path coefficients showed that vegetative growth rate and harvest 
index, which had "been reported to account for most variation in oat grain 
yield, and vegetative growth duration all had positive direct genetic 
effects on grain yield. The indirect effect of growth duration by way of 
harvest index, however, was large and negative, making early maturity 
generally advantageous. 
The lines {2.%) with the highest grain yield over the three late 
planted treatments selected from the two populations differed in the way 
they attained high yields under stress conditions. The sample from the 
pure A. sativa population typically had a better than normal harvest 
index response, whereas the selected A. sterilis introgression lines 
typically had exceptional growth rates in the late treatments. 
Response traits were calculated from the performance of the genotype 
across treatments. The one defining grain yield response varied signif­
icantly among genotypes in one population only, but those defining the 
harvest index and maturity responses varied in both. The relationship 
between maturity response and the other two was clearly different in the 
two populations. A favorable grain yield response was most common in 
genotypes with a poor yield potential as expressed in the first treatment. 
When my data were compared to those obtained in another date of 
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planting experiment for 69 common entries, the correlation between the 
grain yield responses in the two years was only 0.26. 
In summary, althoiigh there seems to be seme genetic variability 
for tolerance to the stresses associated with late planting, there 
probably is little chance of rapid progress in improving this trait. 
The use of later maturing genotypes will not become a practical avenue 
to increasing oat grain yields unless a much higher level of tolerance 
to these stresses than seems to be currently available is incorporated. 
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APPEEDIX 
Table HU. Means of selected genotypes in Experiment 1. 
Line Treatment GYD* BWT HI SYD SWT SN GD GR 
g/plot g/plot % g/plot g/100 seeds count days g/day/plot 
20 1 31.8 91.0 35.8 59.3 3.00 1060 54.0 1.10 
2 38.0 86.5 43.9 48.5 2.50 1530 48.0 1.01 
3 31.0 81.6 37.6 50.6 2.65 1180 43.5 1.16 
k 35.5 86.L 4i.o 50.8 2.4o 1450 39.0 1.31 
k2 1 3k.0 96.8 35.3 62.8 2.70 1260 54.0 1.16 
2 31.8 77.1 41.2 45.3 2.70 1190 48.0 0.94 
3 26.5 77.6 34.1 51.1 2.30 1150 43.0 1.19 
H 29.0 83.U 34.8 54.4 2.55 1130 4o.o 1.37 
68 1 24.8 74.7 32.2 50.0 2.50 1020 52.5 0.95 
2 21+.0 60.7 39.8 36.7 2.05 1170 45.0 0.82 
3 28.2 79.1 35.7 50.8 2.35 1240 4i.o 1.24 
h 31.5 85.7 36.7 54.2 2.20 1430 36.5 1.49 
92 1 30.5 79.5 38.3 49.0 2.60 1200 48.0 1.02 
2 25.8 64.0 39.8 38.3 2.30 1120 44.5 0.86 
3 27.2 76.1 35.8 48.9 2.65 1070 40.5 1.21 
it 32.2 92.6 34.8 60.4 2.50 1290 41.0 1.48 
123 1 20.2 64.9 31.2 44.6 2.70 760 50.0 0.89 
2 26.8 66.4 37.9 39.7 2.55 1040 47.0 0.84 
3 30.2 77.7 38.8 47.4 2 .45 1260 42.0 1.12 
k 27.2 74.2 36.5 47.0 2.60 1050 38.0 1.24 
131 1 34.5 96.5 36.2 62.0 3.05 1150 51.0 1.22 
2 31.8 75.3 42.8 43.5 2.85 1090 47.5 0.91 
3 32.0 85.3 37.5 53.3 2.95 1090 41.5 1.29 
1+ 26.8 81.7 32.5 55.0 2.55 1050 39.0 1.43 
2hl 1 29.0 81.3 35.9 
2 26.0 68.2 38.2 
3 33.5 92.9 36.1 
It 26.2 8i.o 33.6 
315 1 hi,2 ioit.5 39.4 
2 2k.8 62.1 37.2 
3 33.0 90.4 36.2 
h 27.2 82.8 33.5 
430 1 37.0 95.6 39.4 
2 25.8 70.1 36.4 
3 30.0 82.1 36.8 
k 29.5 80.6 37.2 
1 36.2 90.L 4o.o 
2 26.8 72.5 35.5 
3 29.0 75.2 38.7 
it 29.8 79.2 36.5 
1*82 1 33.5 87.0 38.2 
2 28.5 71.3 39.6 
3 27.2 74.0 35.8 
It 29.5 90.6 31.8 
5T9 1 3k.2 85.5 39.8 
2 38.2 70.8 39.8 
3 26.8 81.6 32.6 
h 30.2 90.2 32.6 
52.3 2.65 1100 52.0 1.01 
42.2 2.90 920 47.5 0.89 
59.4 2.55 1320 42.0 l.4l 
54.8 2.50 1050 39.0 1.4o 
63.3 2.4o 1720 52.0 1.22 
37.4 2.35 1060 46.0 0.81 
57.4 2.65 1240 42.0 1.36 
55.6 2.55 1080 37.0 1.50 
58.6 2.00 1880 49.0 1.20 
44.3 2.60 990 44.5 1.00 
52.1 2.80 1070 40.5 1.28 
51.1 2.75 1080 37.0 1.38 
54.2 2.50 1450 52.5 1.03 
45.7 2.60 1070 46.5 0.98 
46.2 2.70 1070 42.5 1.09 
49.4 2.55 ll4o 38.5 1.29 
53.5 2.90 1150 49.0 1.09 
42.8 2.65 1090 44.5 0.96 
46.8 2.55 1060 41.5 1.13 
61.1 2.30 1250 40.5 1.51 
51.3 2.80 1220 53.0 0.97 
42.6 2.55 ii4o 48.0 0.89 
54.9 2.75 970 43.0 1.28 
60.0 2.60 1150 4o.o 1.50 
See Table 2, page 19, for an explanation of the abbreviations. 
Table U^, Means of selected genotypes in Experiment 2 
Line Treatment GYD BWT HI SYD SWT SN GD GR 
g/plot g/plot % g/plot g/lOO seeds count days g/day/plot 
YS^T 31 50 1 27.8 78.5 35.6 50.8 2.85 980 52.5 0.97 
2 33.0 7^.1 44.7 41.1 3.10 1100 49.5 0.83 
3 25.0 78.7 31.0 53.7 2.70 940 47.0 l.l4 
h 32.5 101.9 32.0 69.4 2.65 1230 45.5 1.52 
Yl68 U3 3h 1 35.5 84.5 42.2 49.0 2.85 1260 48.0 1.02 
2 29.8 71.7 4l.6 42.0 2.85 1050 43.5 0.96 
3 23.8 76.0 31.5 52.2 2.50 970 4l.0 1.28 
It 29.0 89.5 32.4 60.5 2.95 1000 37.0 1.64 
Y3h6 ItU h9 1 28.5 78.5 36.8 50.0 3.25 890 48.5 1.03 
2 26.8 70.2 37.3 43.4 2.95 940 45.0 0.96 
3 29.0 Oo. 6 35.9 51.6 2.70 1080 44.5 1.16 
U 27.2 89.0 31.8 61.7 3.15 890 43.0 1.43 
Yi66 H5 32 1 31.5 89.0 35.1 57.5 2.60 1240 49.5 1.16 
2 31.2 79.9 39.2 48.7 2.90 1100 44.5 1.09 
3 35.8 97.2 36.8 61.4 2.60 1380 44.0 i.4o 
U 28.2 06.0 32.2 57.8 2.70 1060 42.5 1.36 
Yl68 53 34 1 29.8 75.1 39*7 45.3 3.35 900 49.0 0.93 
2 25.5 68.8 37.0 43.3 2.80 940 45.0 0.96 
3 27.2 87.9 31.3 60.6 2.45 1120 42.0 1.44 
H 32.0 100.1 32.1 68.1 3.25 990 38.5 1.77 
Y035 6it 16 1 3)4.0 87.0 39.0 53.0 2.70 1260 50.0 1.06 
2 30.5 75.3 40.7 44.8 2.50 1230 45.0 0.99 
3 22.5 67.7 33.2 45.2 2.75 830 42.0 1.07 
h 26.8 91.2 32.1 64 „ 5 2.75 1000 38.5 1.66 
^See text, page 19, for an explanation of the abbreviations. 
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Table 46. SAS data sets on tape OATS4. 
Standard 
SAS data set Label DSNeme Contents 
EXP71.MCNPD he EXP71.LI978 Experiment 1 
EXPT2.LAWKPD 47 EXP72.LI978 Experiment 2 
Table 47» Variables in SAS data sets on tape OATS4 
Variable Definition 
GE Set of lines (Experiment l) 
REP Replicate 
LOG Location 
PIT Plot 
DATE Planting date treatment 
EET Entry 
HD Heading date (days after May 31) 
SWT Bundle weight (g/plot) 
YLD 
SWT 
HI 
STRAW 
CROSS 
GEN 
FA 
BL 
Grain yield (g/plot) 
Seed weight (g/1000 seeds) 
Harvest index/lOO (YLD/BWT) 
Straw yield (g/plot) 
A. sterilis parent (Experiment 2) 
1 = B1I36 
2 = BUST 
3 = Bl+39 
4 = B44o 
Level of backcrossing (Experiment 2) 
1 = Fg derived lines 
2 = BC1F2 derived lines 
3 = BC3F2 derived lines 
4 = BC5F2 derived lines 
Lawrence's designation of a family 
(Experiment 2) 
Lawrence's entry within a family 
(Experiment 2) 
